
INTRODUCTION 

This notebook is intended to be a working tool that provides a readily available 
compilation of current FHWA policy and guidance on pavements. Users are 
encouraged to add material as they see fit. 

The notebook is composed of: 

(1) Reference to appropriate Federal-aid Highway Program 
Manual directives; 

(2) Other issuances, such as Technical Advisories and Notices which present 
short-term instructions or interim policy; 

(3) FHWA memorandums clarifying policy or providing 
technical guidance; 

( 4} Discussions reflecting current state-of-the-art or 
philosophy; 

(5) Material on developmental and research areas related to 
pavements. 

The material is arranged by subject into chapters and sections. The Table of Contents 
shows current date for each document. 

Any comments, suggested additions, or revisions to the notebook should be directed to 
the Federal Highway Administration, Attn: Mr. Peter J. Serrano, Pavement Division, 
HNG-46, 400 Seventh St., S.W., Washington, D.C.; Telephone number 202.366.1341 
or email at Peter.J.Serrano@fhwa.dot.gov. Arch
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Enclosed is the second revision to the Pavement Notebook For FHWA Engineers. Please 
make the changes contained in the attachment. Submit the attached form on the following 
page so that we can include your name and address on our mailing list. For further 
information or additional copies of the notebook contact Mr. Peter J. Serrano at 
202.366.1341 or Peter.J.Serrano@fhwa.dot.gov. 
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Chief, Pavement Division 
Federal Highway Administration 
400 Seventh Street, SW., Room 3118 
Washington, D.C. 20590-0001 

Attn: Mr. Peter J. Serrano, P.E. 

Dear Sir: 

Refer to: HNG-40 

I have received a copy of the Pavement Notebook for FHWA 
Engineers and would like to be on your distribution list for 
future updates and/or additions to the notebook. 

Request for additional copies should be addressed to: 

Federal Highway Administration 
Pavement Division - Attn: Mr. Peter J. Serrano, P.E. 
Pavement Design and Rehabilitation Branch (HNG-42) 
400 Seventh Street, s.w. 
Washington, o.c 20590 

Please mail or fax the form below. 

cut here 

Name: 

Title: 

Agency: 

Address: 

Telephone Number: 

Federal Highway Administration - Pavement Division 
Attn: Mr. Peter J. Serrano, P.E. (HNG-42); 
Fax number; 202.366.3713 
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AP-21 Geotechnical Microcomputer Programs 

DESCRIPTION : This project has involved the development of several geotechnical programs 
under contract with geotechnicai microcomputer programming firms. These programs have been 
made available to the States by the OT A. 

BACKGROUND : The microcomputer industry has undergone rapid changes in recent years. New 
developments in hardware and software make the use of the microcomputer in civil engineering applications more 
feasible, practical, and almost indispensable. 

The microcomputer can be used to solve many geotechn.ical problems that need repetitive and yet complicated 
calculations, such as analyzing embankment and foundation deformations, estimating pile behavior under stauc 
and ~namic forces, and calculating foundation settlements. Five of the microcomputer programs developed or 
under development are: 

COM624P: Analyzes the behavior of piles or drilled shafts, subjected to lateral loads using the p~y 
method. 

EMBANK: Detennines one-dimensional compression settlement because of embankment loads. 

SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless soils. 

RSS: Analy7.cs stability of slopes that contain soil reinforcement. The analysis is performed 
using a twtM:limensional limiting equilibrium method. 

MSEW: Designs and/or analyzcs required reinforcement for mechanically stabilized retauung 
walls, which does not _consider specific facing configw-ations. 

DRIVEN: This program is the updated version of the SPILE Program. 

PILE 
FOUNDATION: This program will be developed based on the University of Florida program -

LPG ST AN which is capable of analyzing bridge foundations subject to extreme 
events (hurricanes, ship and ice impc:rts). The program will extend its capabilities 
to include the analysis and design of sound walls. retaining walls. signs and high 
mast lighting structures. 

PROJECT MANAGER: Chien-Tan Chang, HTA.22, (202) 366.6749 

STATUS : The SPILE Program bas been upgraded. the new program is called Driven. This program is 
estimated to be completed by the end of 1995. RSS Program has been comp~ lt will be tested for a~ 2 
moatbs and will be distributed early December 1995. Contracts are being negotiaU:d to develop a new version 
of MSEW program and a multiple face~ program called Pile Foundations. 

lO.S.19 

Arch
ive

d



CHAPTER 1 

PAVEMENT POLICY 

1.1 Pavement Design and Management Requirements 
• Pavement Management System, 23 CFR 500, Subpart B, April 22, 1994. 

- 500.201, Purpose 
- 500.203, PMS definition 
- 500.205, PMS general requirements 
- 500.207, PMS components 
- 500.209, PMS compliance scheduling 

• Non-Regulatory Supplement, October 05, 1995. 
- 500.205, General Pavement Design Considerations 

1.2 ISTEA Pavement Management Systems 
• Action: ISTEA Pavement Management Systems, November 4, 1994 

- Technical Guidance 

1.3 Cost Comparison of Asphalt versus Concrete Pavement, OIG Final 
Report, July 26, 1994. 

1.4 Proposed Final Interstate Maintance Fund 
Transfer Policy, September 21, 1994). 
• Transfer of Interstate Maintance Program Funds, Proposed Final Policy 

Statement, Federal Register, September 02, 1994). 
• Transfer of Interstate Maintance Program Funds, Interim Policy 

Statement, Federal Register, March 03, 1993). 

Arch
ive

d



Arch
ive

d



[FEDERAL-AID POLICY GUIDE 
April 22, 1994, Transmittal 10 23 CFR 500B] OPI: HNG-41 

SUBCHAPTER F - TRANSPORTATION INFRASTRUCTURE MANAGEMENT 

PART 500 - MANAGEMENT AND MONITORING SYSTEMS 

Subpart B - Pavement Management System 
Sec. 
500.201 Purpose. 
500.203 PMS definitions. 
500.205 PMS general requirements. 
500.207 PMS components. 
500.209 PMS compliance schedule. 

Authority: 23 u.s.c. 134, 135, 303 and 315; 49 u.s.c. app. 
1607; 

·23 CFR 1.32; and 49 CFR 1.48 and 1.51. 

Source: 58 FR 63475, Dec. 1 1 1993 [Effective Jan. 3, 1994] 

Sec. 500.201 Purpose. 

The purpose of this subpart is to set forth requirements for 
development, establishment, implementation, and continued 
operation of a pavement management system (PMS) for 
Federal-aid highways in each State in accordance with the 
provisions of 23 u.s.c. 303 and subpart A of this part . ..... 

Sec. 500.203 PMS definitions. 

Unless otherwise specified in this part, the definitions in 
23 u.s.c. lOl(a) and· Sec. 500.103 are applicable to this 
subpart. As used in this part: 

Pavement design means a project level activity where 
detailed engineering and economic considerations are given to 
alternative combinations of subbase, base, and sur.face 
materials which will provide adequate load carrying capacity. 
Factors which are considered include: materials, traffic, 
climate, maintenance, drainage, and life-cycle costs. 

Pavement management system (PMS) means a systematic process 
that provides, analyzes, and summarizes pavement information 
for use in selecting and implementing cost-effective pavement 
construction, rehabilitation, and maintenance programs. 

Sec. 500.205 PMS general requi'rements. 

(a) Each State shall have a PMS for Federal-aid highways 
that meets the requirements of Sec. 500.207 of this subpart. 

1.1.1 

Arch
ive

d



(b) The State is responsible for assuring that all 
Federal-aid highways in the State, except those that are 
federally owned, are covered by a PMS. Coverage of federally 
owned public roads shall be determined cooperatively by the 
State, the FHWA, and the agencies that own the roads. 

(c) PMSs should be based on the concepts described in the 
''AASHTO Guidelines for Pavement Management Systems. 11 (AASHTO 
Guidelines for Pavement Management Systems, July 1990, 
can be purchased from the American Association of State 
Highway and Transportation Officials, 444 N. Capitol Street, 
NW., suite 225, Washington, DC 20001. Available for inspection 
as prescribed in 49 CFR part 7, appendix D.] 

{d) Pavements shall be designed to accommodate current and 
predicted traffic needs in a safe, durable, and cost-effective 
manner. 

Sec. 500.207 PMS components. 

(a) The PMS for the National Highway System (NHS) shall, as 
a minimum, consist of the following components: 

(1) Data collection and management. 

(i) An inventory of physical pavement features including the 
number of lanes, length, width, surface type~ functional 
classification, and shoulder information. 

(ii) A history of project dates and types of construction, 
reconstruction, rehabilitation, and preventive maintenance. 

(iii) condition surveys that include ride, dist=ess, 
rutting, and surface friction. 

(iv) Traffic information including volumes, classification, 
and load data. 

(v) A data base that links all data files related to the 
PMS. The data base shall be the source of pavement related 
information reported to the FHWA for the HPMS in accordance 
with the HPMS Field Manual. [Highway Performance Monitoring 
system(HPMS) Field Manual for the Continuing Analytical and 
statistical Data Base, DOT/FHWA, August 30, 1993, (FHWA Order 
M5600.1B). Available for inspection and copying as prescribed 
in 49 CFR part 7, appendix O.] 
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(2) Analyses, at a frequency established by the state 
consistent with its PMS objectives. 

( i) A pavement condition analysis that includes ride, 
distress, rutting, and surface friction. 

(ii) A pavement performance analysis that includes an 
estimate of present and predicted performance of specific 
pavement types and an estimate of the remaining service life 
of all pavements on the network. 

(iii) An investment analysis that includes: 

(A) A network-level analysis that estimates total costs for 
present and projected conditions across the network. 

(B) A project level analysis that determines investment 
strategies including a prioritized list of recommended 
candidate projects with recommended preservation treatments 
.that span single-year and multi-year periods using life-cycle 
cost analysis. 

(C) Appropriate horizons, as determined by the state, for 
these investment analyses. 

(iv) For appropriate sections, an engineering analysis that 
includes evaluation of design, construction, rehabilitation, 
materials, mix designs, and preventive maintenance as they 
relate to the performance of pavements. 

(3) Update. The PMS shall be evaluated annually, based on 
the agency's current policies, engineering criteria, 
practices, and experience, and updated as necessary. 

(b) The PMS for Fede~al-aid highways that are not on the NHS 
shall be modeled on the components described in paragraph (a) 
of this section, but may be tailored to meet State and local 
needs. These components shall incorporate the use of the 
international roughness index or the pavement serviceability 
rating da.ta as specified in Chapter IV of the HPMS Field 
Manual. 

Sec._.§.Q0.209 PMS compliance schedule. 

(a) By October 1, 1994, the State shall develop a work plan 
that identifies major activities and responsibilities and 
includes a schedule that demonstrates full operation and use 
of the PMS on the NHS by October 1, 1995, and on non-NHS 
Federal-aid highways by October 1, 1997. 
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(b) By October l, 1995: 

(l) The PMS for the NHS shall be fully operational and shall 
provide projects and programs for consideration in developing 
metropolitan and statewide transportation plans and 
improvement programs; and 

(2) PMS design for non-NHS Federal-aid highways shall be 
completed or underway in accordance with the State's work 
plan. 

(c) By October l, 1997, the PMS for non-NHS Federal-aid 
highways shall be fully operational and shall provide projects 
and programs for consideration in developing metropolitan and 
statewide transportation pla~s and improvement programs. 
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F~~ERAL-A:D POLICY GUIDE 
Ccccber 5, 1995, 7ransmiccal 14 ~:::: 23 '.:FR 500 

NON-REGGLA:'ORY SGFPLEMENT 

OP!: HNG-42 

l. :;;:)r:-?_;.:_ ~AV"2MENT ~ES:·'3N CONSI::E::tA."::JNS 
23 CFR sc:.2os:d11 

~i~le 23 CFR 500.205(d) establishes the followi~g 
requirement: 11 Pavements shall be designed to 
accommodate current and predicted craffic needs in 
a safe, durable, and cost-effective manner." Tl::.e 
regulations do net specify the procedures to be 
followed to meet this requirement. Rather each 
State Highway Agency (SHA) is expected to use a 
design procedure which is appropriate for their 
conditions. ~he SHA may use the design procedures 
cutlined in the AASHTO Guide for Design of 
Pavement Structures or they may use other pavement 
design procedures that, based on past performance 
er research, are expected to produce satisfactory 
pavem~nt designs. 

a. FHWA Evaluation of Pavement Design Procedures 

(l) Consistent with FHWA's Operational 
Philosophy on process review/produc: 
evaluation (PR/PE) attached to Executive 
Director Carlson's November 12, 1991 
memorandum, the FHWA field off ices wil: 
conduct periodic reviews of the SHA's 
pavement design process. As part of the 
review, FHWA field offices will sample a 
sufficient number of projects ~o 
determine that the pavement design 
process is being followed and the 
process provides reasonable engineering 
results. If the reviews show that the 
SHAs have and are following an 
acceptable pavement design process, 
routine pavement design reviews of 
individual projects will not be 
required. 

(2) The FHWA encourages the development of 
mechanistic pavement design procedures. 
To promote consistency in application of 
mechanistic related design procedures, 
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FE=ERA:..-A:~ POL:CY GUICE 
Oc~cber 5, 1995, Transmittal 14 NS 23 CFR 500 

the Pavement Division will participate 
with the Region and Division offices in 
reviewing and discussing ttese 
procedures with the State during their 
development. 

b. Factors to Consider in Pavement Desi=n. 

Highway agencies should pay particular 
attention to the following items in designing 
pavements. 

(1) Traffic. Pavement designers should work 
closely with t~e SHA component 
responsible for the development c: the 
Traffic Monitoring System for Highways 
(TillS/H} required under 23 CFR 500.801. 
The TMS/H should reflect the accuracy of 
traffic volume, classification, and 
truck weight data required for pavement 
design. 

\a) Accurate cumulative load (normal:y 
expressed as lS kip equivalent 
single axle loads or ESALsl 
estimates are extremely i~portant 
to structural pavement design. 
toad estimates should be based en 
r~oresentative current vehic:e 
classification and truck weight 
data and anticipated growth in 
heavy truck volumes and weights. 
Representative current traff i= data 
shoul~ be obtained using 
statistically valid procedures :or 
obtaining count, classification, 
and weicht data based on the 
concept; described in the FHWA 
"Traffic Monitoring Guide" and the 
"AASHTO Gu.;.delines for Traffic Ca:a 
Programs." 

(b) Accurate veh~cle classification 
data on the n~mber and types cf 
trucks is esse~tial to estimating 
cumulative loads during the design 
period and shou:d be given special 
emphasis. Weigh~ information 
should be obtained using weigh-in-
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FEDERAL-AID ?OLICY GUIDE 
:c~~ber 5, 1995~ Transmittal 14 NS 23 CFR 500 

motion (WIM) equipment since this 
data is more representa~ive than 
data obtained using static 
enf orcernent scales which are 
plagued with avoidance problems. 
States should continue to automate 
their monitoring program through 
installation of strategically 
placed automatic vehicle 
classification and WIM systems as 
soon as possible to improve the 
current base traffic data used to 
forecast future truck volumes and 
loads. 

(c) The SHA's forecasts of future 
loadings should, as a minimum, be 
based on two truck classes: tr~=ks 
up to 4-axle combination and trucks 
with 5-axles or more. Changes in 
load factors should also be 
monitored and forecasted. The 
forecasting procedures should 
consider past trends and future 
economic activity in the area. A 
traffic data collection and 
forecasting program that identifies 
the most important truck types and 
the changes in numbers and weigh~s 
of these truck types during the 
design period should provide 
realistic load estimates. 

(2) Roacibed Soils. Both the 1986 and 1993 
versions of the "AASHTO Guide For Design 
of Pavement Structures" require the use 
of the Resilient Modulus (Ma) (a measure 
of the elastic property of soils) in 
lieu of soil support value as the basic 
materials value to characterize roadbed 
soils for flexible pavements. The 
AASHTO Guide strongly recommends that 
SHAs acquire the necessary equipment to 
measure Ma. SHAs who use Ma values 
converted from CBR and R-value should 
conduct correlation studies using a 
range of soil types, saturation levels, 
and densities to determine realistic 
input values. For rigid pavements, the 
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use of a K-value is required. NCHR? 
Report 372, Support Under Portland 
Cement Ccncrete Pavements, provides 
improved guidance on selecting 
appropriate values for this factor. 
Proper roadbed soil support is needed 
for longer pavement service lives and 
more cost-effective pavement design. 

(3) Drainage 

(a} Drainage is one of the more 
impor:ant factors in pavement 
design, yet inadequate subsurface 
drainage continues to be a 
significant cause of pavement 
distress, particularly in portland 
cement concrete pavements. D~ring 
the last 10 years significant 
strides have been made in the 
development of positive drainage 
systems for new and reconstruc:ed 
pavements. There have also been 
major developments in produc~s and 
materials which can be used for 
retrofit longitudinal edgedrains. 

{b) The developments in permeable base 
technology and longitudinal 
edgedrains make positive pave~en: 
drainage possible and affordacle. 
Accordingly, pavement design 
procedures need to consider the 
effects of moisture on the 
performance of the pavement. ~here 
the drainage analysis or past 
performance indicates the pocential 
for reduced service life due to 
saturated structural layers or 
pumping, the design needs to 
include positive measures to 
minimize that potential. 

(4) Shoulder Structure 

(a) Recent studies demonstrate that 
full structural shoulders· improve 
both mainline pavement and shoulder 
performance. Research results have 
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shown that widening the right 
pavement lane and placing the edge 
stripe 0.5 m frQm the outside 
pavement edge significantly 
improves pavement performance. 

(b) The SHAs are encouraged to use 
paved shoulders where conditicns 
warrant. Shoulders should be 
structurally capable of 
withstanding wheel loadings from 
encroaching truck traffic. On 
urban freeways or expressways, 
strong consideracion should be 
given to constructing the shoulder 
to the same structural section as 
the mainline pavement. This will 
allow the shoulder to be used as a 
temporary detour lane during future 
rehabilitation or reconstruction. 

(c) On new and reconstructed pavement 
projects, the SHAs are encouraged 
to investigate th_e advantage of 
specifying that the shoulder be 
constructed of the same materials 
as the mainline, particularly on 
high-volume roadways. Constructi~g 
shoulders of the same materials as 
the mainline facilitates 
construction, reduces maintenance 
costs, improves mainline pavement 
performance, and provides 
additional flexibility for f~ture 
rehabilitation. 

(5) Engineering and Economic Analysis. 

The design of both new and rehabilitated 
pavements should include an engineering 
and economic evaluation of alternative 
strategies and materials. The project 
specific analysis should be evaluated in 
light of the needs of the entire system. 
Appendix B of the 1993 11 AASHTO Guide for 
Design of Pavement Structures," and the 
"FHWA Pavement Rehabilitation Manual," 
provide guidance on engineering 
considerations. The Engineering 
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evaluation should include consideration 
of the use of recycled materials or 
pavement recycling techniques where 
:easible. Economic considerations 
include an economic analysis based on 
Life Cycle Costs (LCC) . The FHWA 
interim policy statement on LCC analysis 
published in the July 11, 1994 Federal 
Register provides guidance on LCC 
Analysis. 

(a) Pavements are long term pur:ic 
investments and all t=e cos:s (bot~ 
agency and user) that occur 
throughout their lives should be 
considered. LCCA identifies the 
long term economic efficiency of 
competing pavement designs. 
However, the resulting numbers 
themselves are less imoortant than 
the logical analysis framework 
fostered by LCCA in which the 
consequences of competing 
alternatives are evaluated. 
When perf orrning LCCA for pavement 
design, the· variability of input 
parameters needs to be considered. 
The results of LCCA should be 
evaluated to determine whether 
differences in costs between 
competing alternatives are 
statistically significant. This 
evaluation is particularly 
important when the LCC analysis 
reflects relatively small economic 
differences between alternatives. 

(b) The FHWA's policy on alternate 
bids, which would include bids for 
alternate pavement types, is 
addressed in 23 CFR 635.4ll(b). 
This section requires the use of 
alternate bid items "When . . . more 
than one ... product ... will fulfi:l 
the requirements ... and these ... 
products are judged ... equally 
acceptable on the basis of 
engineering analysis and the 
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an:icipated prices ... are estim~ted 
to be approximately the same. 

(!) ~he FHWA does ~ot encourage the use of 
alter~ate bids to de~e~mine the mainlir.e 
pavement type, primarily due to the 
difficulties in developing truly 
equivalent pavement designs. 

(2) In those rare instances where the use of 
alternate bids is considered, the SHA.'s 
engineering and economic analysis of :~e 
pavement type selection process should 
clearly demonstrate that there is r.o 
clear cut choice between two or more 
alternatives having equivalent designs. 
Equivalent design implies that each 
alternative will be designed to perform 
equally over the same performance period 
and have similar life-cycle costs. 

c. Rehabili~ation Pavement Design. It is 
essential that rehabilitation projects be 
properly engineered to achieve the best 
return possible for the money expended. When 
an existing pavement structure is sound and 
the cost to restore serviceability is minor 
when compared to the cost of a new pavement 
structure or major rehabilitation, an 
engineering and economic analysis of 
alternative actions may not be necessary. :~ 
general, for all major rehabilitation 
projects, each of the following steps should 
be followed to properly analyze and design 
the project. 

(1) Project Evaluation 

(a) Obtain the necessary information to 
evaluate the performance and 
establish the condition of the in­
place pavement with regard to 
traffic loading, environmental 
conditions, material strength, and 
quality. Historical pavement 
condition data, obtained from the 
Pavement Management System (PMS), 
can provide good initial 
information. 
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(b) Identify the types of pavement 
distresses and the factors causing 
the distresses before developing 
appropriate rehabilitation 
alternatives. The tools necessary 
to analyze pavement failures, such 
as coring, boring, trenching, ar.d 
deflection measurements, are well 
known, and need to be employed more 
often. 

(c) Evaluate the array of feasible 
alternatives in terms of how well 
they address the causes of the 
deterioration, repair the existi~g 
distress, and prevent the premature 
reoccurrence. of the distress. 

{2) Project Analysis 

(a) Perform an engineering and econcmic 
analysis of·candidat.e strategies .. 
The engineering analysis·should 
consider the. traffic loads,-. 
climate, materials,.• co_nstruction 
practices·, and. expected _ 
performance. The economic analysis 
should be based on life cycle cost·. 
and consider service life, init~a: 
cost, maintenance costs, user 
costs, and future rehabilitation 
requirements, includi.ng maintenance 
of traffic. 

(b) Select the rehabilitation 
alternative which best satisfies 
the needs of a particular project 
considering economics, budget 
constraints, traffic service, 
climate, and engineering judgment. 

(3) ·Proiect pesign 

(a) Conduct sufficient testing, both 
destructive and non-destructive, to 
verify the assumptions ma.de during 
the alternative evaluation phase. 
The SHAs should consider a new 
distress survey if the original 
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condition surv·ey was sample based 
or if the survey is not current in 
terms of the time the project is 
scheduled to go to contract. 

(b) Consider and address all factors 
causing the distress in addition to 
the surface indicators in the final 
design. Such factors as structural 
capacity, subgrade support, surface 
and subsurface drainage 
characteristics need to be 
considered and provided for in the 
final design. 

(c) ~nee a rehabilitation alternative 
is selected, design the project 
using appropriate engineering 
techniques. A number of 
publications are available to guide 
the selection of these engineering 
techniques. The FHWA's "Pavement 
Rehabilitation Manual," and 
training course ''Techniques for 
Pavement Rehabilitation" provide 
exce~lent ·guidelines. There are 
also a number of excellent guides 
available from the asphalt and 
concrete industries. 

(4} P~oject Implementat~Qn 

(a) Document the intent of the design 
in the project plans and 
specifications to provide both the 
contractor and the construction 
engineering personnel a clear and 
concise projec~ proposal. In 
addition, mai~tain adequate 
communication between the design 
and const::-'.lc': :.-:>n engineers. This 
will reir.:or~~ the intent of the 
design and pr .::··tide feedback on 
project const=~ctability and 
performance to aid timely 
evaluation of the selected 
rehabilitation alternative. 
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(bl The oerformance information should 
also.be included as a par: c: t~e 
SHA 1 s PMS. The lack of gocd 
performance data on pavement 
rehabilitation techniques is cne o: 
the weaker points in the 
rehabilitation process. Increased 
emphasis should be placed en 
developing basic performance and 
maintenance cost data on 
rehabilitation techniques where 
perfor~ance data is not presently 
availa~le. 

2. SAFE7Y :23 CFR S00.205d) 

a. The SHAs should provide skid resistant 
surfaces on all projects, regardless of 
funding source. New pavement surfaces 
constructed with Federal funds must have skid 
resistant properties suitable for the needs 
of the traffic. New pavement surfaces en 
projects where a skid resistant surface was 
previously constructed with Federal funds 
must have skid resistant properties suitable 
for the needs of the traffic even if noc new 
fi~anced with Federal-aid funds. 

b. The SHAs should analyze pavement perfc~~ance 
histories and existing skid data to ensure 
that the materials, mix designs, and 
construction techniques used are capable of 
providing a satisfactory skid resistant 
surf ace over the expected performance peri~d 
of the pavement. Each SHA's skid accident 
reduction program should include a systema:i~ 
process to identify, analyze, and correct 
hazardous skid locations. The SHA's should 
use the same cc,struction procedures and 

--quality standat ;.:; used in constructing new 
pavements in pa· ~ment maintenance operations. 

c. Plans and specifications for proposed 
pavement rehabilitation and reconstruction 
projects should include items to minimize 
disruption and ensure adequate protection of 
the motorists and workers within the 
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construction work zone in accordance with the 
provisions of 23 CFR 630, subpart J and 
23 CFR 635, subpar~ A. 
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NOV 04 1994 

ACTION: ISTEA Pavement Management Systems 

Director, Office of Engineering HNG-41 

Regional Administrators 

We are approaching the first bench mark in implementing the Pavement 
Management System (PMS) provisions in ISTEA. By January l, 1995, each State 
is required to submit to the division office the certification statement, work 
plan, and status for implementing its PMS. The division office should review 
the submission and forward its connents and a copy of the documents to the 
region. The regional office has the responsibility to review and accept the 
submission and notify the division office accordingly. 

The purpose of this memorandum is twofold. First, we want to provide 
technical guidance and criteria in order to implement the PMS provisions in 
ISTEA in a complete and consistent manner. Secondly, we request your 
cooperation and assistance in providing us with PMS information, so we can 
continue to monitor the States' progress in developing and implementing their 
PMS's. 

1. During the past months, we have assisted several field offices in 
reviewing draft work plans and noted some deficiencies and 
inconsistencies that warrant attention. Presently, we need to focus on 
four technical items: (1) multi-year prioritization, (2) life-cycle cost 
analysis, (3) condition survey distresses, and (4) condition survey 
samples. Attached is technical guidance on these four items for your 
use. We have reiterated some of the fundamentals of PMS for the benefit 
of the States and divisions wtlo are experiencing a high turnover and 
influx of engineers and managers who are new to PMS. 

2. For the past 8 years the Pavement Management Branch has maintained a 
national database on the status of the States' PMS's that is used to 
assess and guide the national PMS program. With the advent of the ISTEA 
certification process, the information tn the database will continue to 
play anliiiportant role ;n managing the national program. As you know, 
the information has always been collected and reported by the FHWA staff. 
We are requesting your cooperation and assistance to have the division 
office PMS specialists update this information when they concurrently 
review the States' PMS certifications and work plans. Please send the 
completed PMS Survey form (copy attached) to the Pavement Management 
Branch, HNG-41 by January 17, 1995. . · 

1.2.l 

Arch
ive

d



Implementing the PMS provisions in ISTEA is of vital importance to FHWA. The 
key to success ts a strong joint effort between Headquarters and the field 
offices. We will continue to provide technical guidance and direction as 
needed to help achieve a comprehensive and consistent PMS program. If you 
have any questions, or need technical assistance, please contact Mr. Frank 
Botelho at 202-366-1336. 
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TECHNICAL GUIDANCE 

1. Multi-Year Prioritization. Multi-year prioritization is the heart 
of a PMS. It provides a prioritized listing of projects for which 
rehabil;tation/preservation actions are recorrmended for each ye1r 
of the planning horizon. The multi-year pr;oritized list of 
candidate projects and treatments is a •first cut• list that is 
normally produced by the Pavement Management Engineer(s) and 
submitted to the appropriate offices in the Agency to be used as 
input in developing the statewide pavement preservation program. 
The prioritization is based on priority factors, predicted 
performance, and economic analysis relative to the goals set by the 
State for its network. The candidate projects should have a high 
benefit cost ratio based on life-cycle cost analysis. The 
prioritization process must be objective, analytical, formalized, 
and automated (computerized for State and large local networks) in 
order to be stable and repeatable with time and changing of 
personnel. Its established engineering criteria and an1lytical 
methodology are the basis and means of producing and documenting an 
accountable and justifiable pavement preservation program. 

Many States have not yet established or utilized the above criteria 
for multi-year prioritization. Rather, they are prioritizing 
projects solely on a subjective, manual, and •worst first• basis. 
The field offices need to promote and support major efforts by the 
State highway agencies (SHA's) to satisfy the intent of our 
regulation on multi-year prioritization. 

2. Life-Cycle Cost Analysis. The need and purpose for life-cycle cost 
analysis is strongly emphasized in !STEA. The FHWA issued an 
interim policy statet1ent on life-cycle cost on July 11, 1994. 
This policy statement.should be used by the field when evaluating 
the States' life-cycle cost analysis procedures. Prioritization 
and life-cycle cost an·liysis are the analytical basis for 
demonstrating that the expenditure of Federal-aid funds are 
justifiable and cost effective. 

A State PMS must include a life-cycle cost analysis (that is 
coanensurate with the level of invest111nt and types of preservation 
t-r~tments) for candid1te projects in order to compare alternative 
treatments and strategies to produce a cost effective preservation 
program that satisfies the goals of the Agency. The life-cycle 
cost analysis should be based on the performance prediction and 
economic models used in multi·year prioritization. Life-cycle cost 
analysis of specific project treatments should consider future 
treatments required to ma1nt11n the pavement until reconstruction. 
Life-cycle cost analysis of network-level strategies requires an 
analysis period of at least one complete cycle in the life of the 
network, which should be at least 35 years. 
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3. Condition Survev Distresses. Pavement condition data are the 
foundation for measuring and monitoring: the "health• of the 
network; the current and predicted performance of pavements; and 
the remaining service life of the network. A PMS condition survey 
bridges the "information gap• between general planning data and 
detailed design data. Condition data are combined with performance 
data, life-cycle cost analysis, and priority factors to develop the 
multi-year list of prioritized projects. The type, extent, and 
severity of the individual distresses are also used to determine 
viable preservation treatments. 

The types of distresses that are measured in a pavement condition 
survey should be chosen on the basis that they support the 
decisions on where, when, and how to preserve the network. A 
•sufficiency rating• (corrmonly used for planning purposes) or a 
single distress survey do not constitute a PMS condition survey. 
The premise of using either one as a •corrmon denominabpr• does not 
provide the engineering detail needed in PMS's. 

4. Condition Survey Samples. The reliability of condition data is 
crucial to the credibility of a PMS. The least amount of error 
w111 .occur if 100 percent of the pavement is sampled. The 
viability of sampling 100 percent is only possible when using 
automated survey equipment, such as the equipment that is currently 
used to measure roughness, rutting, and faulting. In the absence 
of automated equipment, SHA's customarily measure distress data 
using an approximate 10 percent representative sample. That is, a 
10 percent sample on each and every mile of the network. This may 
somewhat increase or decrease depending on the variability in 
pavement condition. 

Because of the expanded network coverage of ISTEA {i.e., a total of 
936,000 centerline miles of Federal-aid highway), some SHA's are 
exploring cost cutting measures to reduce the added burden of 
collecting pavement condition data. Generally, reducing the number 
of distresses or reduC"'k\9 the sample size does not result in real 
cost savings because of the increased risk of errors in PMS. 
However, SHA's can achteve real cost savings by reducing the 
frequency of the condit1on surveys. Condition surveys can be 
conducted every 2 years instead of every year. Biennial surveys 
sha.Llld be supplemented with annual updates for newly improved 
sections and when unexpected changes occur caused by e;ther the 
environment, loading, premature failures, or accelerated 
deterioration. 

While these fundamental criteria apply to all Federal-aid highways, we want t 
prevent unnecessary data collection and analysis burdens, so please re~ind PM 
practitioners that the level of effort needed to do items 1, 2, and 3 1s far 
less for lower order roads than for the proposed National Highway System. 
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Date ---

NHS PMS SURVEY 
'.~ues:1on II(AJ applies to both the NHS and Non-NHS) 

I. ORGANIZATION 
A. State 

8. FHwA Region __ 

C. State Staffing Resources 

The following staffing information pertains only to the staff at the central 
office. It does not apply to district staff or field data collection crews. 

1. Does the SHA have a person who 1s designated as the State's PMS Engineer:? 
Yes~ No~ (If no. still provide a name. address. etc. for the point of 
contact). 

Name 
Address 

City 
Phone 

ST Z1pcode PlusFour 
~~~---~~- n:x ~~- -~--

2. Does the PMS Engineer work full time on PMS? Yes No 
what percentage is spent on PMS? Part-Time Percentage --
3. Does the PMS Engineer have the full responsibility and authority t8 le:~ ~~e 
development. implementation. and operation of PMS? Yes~ No ___ . 

4. If NO. how is PMS managed? 

5. If the PMS engineer has an ass1stant(s). staff. or in-house support: '.""c·:.:i:e 
each position(person·s name). percent time spent on PMS. and a brief descr·:'.):·:n 
of their primary function(s). Th1s pertains only to the central office and 
excludes <:~ition survey crews. (.~dd additional names on separate sheet. J 

a. 
b. 
C. 

~ Percent Time Primary FunctionCs) 

1PMS Engineer is the person who 1s 1n charge of leading and working on 
developing. implementing. and operating the PMS on a day-to-day basis. 

Revised 10/20/94 
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0. Does the State have an active PMS committee(s) or group(s) that guide and update 
the PMS? Yes No · . Provide the pos1tions(1 .e. pa1ement design. 
materials. etc. )(5'r15MS cOiTiriiittee(s) members on an attached sheet. 

II. PMS DATABASE 

A. ;JMS Coverage 

Federal-aid Highway Mileage <Centerline) 
Covered Not Covered 

NHS Non NHS NHS Non NHS 

State 
·Local 

Toll Roads 

B. Inventory Data Yes Under Considering 
Development In Future 

1. Pavement type 
2. Pavement width 
3. Shoulder type 
4. Shoulder width 
5. Number of lanes 
6. Layer thicknesses 
7. Joint spacing 
8. Load transfer 
9. Subgrade classification 

10. Material properties 
11. Resilient modulus 
12. Drainage -
13. Other (specify) 

,... Project History 1es Under No \.... 
Development 

1. Const FWCt i on 
2. Rehabilitation 
3. Mai ntenance2 

2"Maintenance" refers to preventive maintenance not corrective 
maintenance. Corrective maintenance refers to pot hole repair. etc. 
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D. Condition Survey Yes Under Cons1der1ng No Equipment 

E. 

1. Ride 
Development In Future 

2. Rutt~ng 
3 =-3u1t1ng 
..l :rao: ~ rg 
3. S.ur~ace rr1ct1on 
o. ~e:~orK-~evel 

Def~ ec:: on 

Distress 

1. High speed windshield 
survey at 30 to 55 mph. 

2. Lew speed survey at 
0 to 10 mph. 

3. Combination of high 
and low speed. 

4 .. 35mm film viewed at 
a workstation. 

5. Video tape viewed at 
a workstation. 

Yes 

6. Distress Identification. -
Manual with pictorial 
references used to 
calibrate extent and 
severity. 

7. Fully automated. 
Specify equipment: 

Under 
Development 

Considering 
In Future 

No 

F. ~hat 1s the frequency of condit1an data collection on the NHS? 

1. Does the PMS database cont3·n Yes Under Considering No 
Development In Future 

a. Annual ESAL's 
b. .EOJ:ecast ESAL 's 
c. · Cumulative ESAL's 

2. Does the PMS have an ESAL flow map that is route specific? 

Yes Under Development Considering in Future No - - -
I. Does the PMS provide IRI or PSR(circle one) to FHWA HQ for the HPMS sample s1:es? 

Yes Under Development No - -
Revised 10/20/94 
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J. Does the PMS have a relational database? 

Yes Under Development No 

K. How much work has been completed in developing the PMS database? 
Development work would include: establishing data files. collecting data. loading 
data. Nr1t1ng application programs for analysis. etc .. 

25-50% 50-75% 75-100% 

III. INVESTMENT ANALYSES 

1. Does the PMS office/unit produce a multi-year pr1or1tized list of 
recommended candidate proJectsCthis 1s considered a ''first cut" list)? 

Yes Under Development No 

2. What method does the PMS use to produce the multi-year prioritized list of 
projects? 

Yes Under Considering No 
Development In Future 

a. Subject i ve3 

b. ObJecti ve.i 

1. Priority Model 

2. Incremental 
Benefit Cost 

3. Marginal Cost 
Effectiveness 

4. Optimization 
Yes Under Cons1der1ng 

Development In Future 
a. Linear Prograrrrn 1 ~g 
b. Non-Linear Prc~r3nT!l1ng 

C. Integer Prograrnnng 
·--d. Dynamic Prograrrnnng 

e. Other (Specify) 

3ttSubJectivett indicates that the proJects were prioritized by individuals 
using only personal knowledge of the roads . 

.i"Objective" means that the projects were prioritized using a repeatable 
analytical process. 

~Jo 

Revised 10/20/94 
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3. If the answer to question 2Cb) is Yes or Under Development. who developed tne 
software? In House Contractor(specify) ------

4 Check the factors used to prioritize projects: 

Yes Under Considering No 
Development In Future 

a. Ci stress 
o. q1 de 
c. -:-rafhc 
d. Functional class 
e. Skid 
f. Structural adequacy-
g. Other (Specify) ~ 

~--------------~ 

B. Preservation Treatment 

1. Does the PMS assign a preservation treatment to a candidate proJect? 

Yes __ Under Development _ No _ 

2. If the answer to question 1 is Yes or Under Development. which groups of 
treatments does the PMS cover? 

. Yes 

a. Reconstruction 
b. Rehabilitation 
c. Ma 1 ntenance5 

Under 
Development 

No 

3. ~hat method is used to assign a preservation treatment to a 
candidate project. 

Yes Under Considering No 
Development In Future 

a. Subjecti ve6 

b. Objective7 

1. Matrix 
2. Decision tree 
3. Cost Benefit 
4. Optimization Methoo 

listed previously. 
5:-ether <Specify) 

~"Maintenance" refers to preve~t~Je maintenance not corrective 
maintenance. Corrective maintenance refers to pothole repair. etc. 

5"Subjective" indicates that the proJ_ects were prioritized by indiv1dua1s 
using only personal knowledge of the roads. 

~"Objective" means that the proJects were prioritized using a repeatable 
analytical process. 

Revised l0/20/94 
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4. If the answer to· question 3(b) is Yes or Under Development. who developed t. 
software? In House--. Cantractor<specify) ------------

5. Does the PMS do a life-cycle cost analysis for the recommended 
preservation treatments? 

Yes __ Under Development __ No _ 

6. If ~he answer to question 5 1s Yes or Under Development. who developed the 
softtJare? In House __ Contractor(specify) 

C. Pavement Performance Monitoring and Projection 

1. Does the PMS monitor pavement performance? 

Yes Under Development __ No _ 

2. Check all the pavement indices used to monitor pavement performance: 

a. Ride 
b. Distress 
c. Combined Index 
e. Other (Specify) 

Yes - Under Considering· No 
Development In Future 

3. Is load data (cumulative ESAL's) used to monitor pavement 
performance? 

Yes __ Under Development __ Considering ·in Future __ No 

4. Does the PMS generate pavement performance curves? 

Yes __ Under Development __ Considering in ·Future No 

5. Are the curves developed for? 

Yes Under Considering No 

Family of pavements 
Each pavement 

__ Development In Future 

6. Does the PMS monitor and predict performance using? 

Yes Under Considering No 

Markov Transition 
Semi-Markov Transition=::: 

Development In Future 

7. Does the PMS monitor pavement performance using another method? 
Cspeci fy). · 
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8. Does the PMS compute the Remaining Service Life of the 
network? 

Yes Under Development No -- - -
9. If the answer to question 8 is Yes or Under Development who develored the 

sof:~are 7 In House---'-- Contractor(spec1fy) · 
~~~~~-~--~-~ 

IV. ENGINEERING ANALYSIS 

v. 

A. is the performance data in the PMS database used to evaluate either the 
accuracy. quality. or the cost effectiveness for: 

A. 

1. New pavement desi'gn procedures 
2. Overiay design procedures 
3. Rehabilitation techniques 
4. Materials 
5. Construction 
6. Preventive maintenance 
7 Mix designs 

Yes Under Considering No 
Development In Future 

8. Other (Specify)------------------

PRODUCTS 

Is the PMS's multi-year prioritized list of recommended projects used as input 
1n the development of the State's: 

1. Pavement Preservation 
Program 

2. Statewide Transportation 
Improvement Program(STIP) . 

3. Transportation Improvement 
Program< TIP) 

Yes Under 
Development 

No 

B. Is the PM..S. :..S... mu lt; -year priori t, zed 1 i st (first cut) comp a red to the f i na 1 
approved list of pavement preservation projects for reasonableness? 

Yes Under Development ~ Considering in Future~ No 

VI. UPDATE 
Does the SHA annually evaluate and update the PMS relative to the agency·s policies. 
engineering criteria. practices. experience. and current information? . 

Yes Under Development No - -
Revised 10/20/9~ 
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Subject 

From: 

Memorandum 
us. Depa h ht:wf 
or~ 

Federal Highway 
Admlnlstratton 

INFORM,ATIOH: OIG Final Report on the 
Audit of Cost Comparison of Asphalt 
Versus Concrete Pavement 

Rodney E. Slater r/'C:-;{ 
Administrator { C..~~ 

Datt: July 26, 1994 

. Reply to 
Ann. ot: HMS-ll 

To: The Honorable A. Mary Schiavo 
Inspector General (JA-1) 

We have completed our review of the final report on the Audit of 
Cost Comparison of Asphalt Versus Concrete Pavement in Re9ion 4. 
Your transmittal memorandum requested that we reconsider our 
nonconeurrences with your recommendations and provide specific 
tarqet dates and further clarification where we have aqreed to 
corrective actions. 

our specific comments relative to each recommendation are 
contained in the attachment to this memorandum. For 
clarification, we have included our responses to the draft 
report, as well as a summary ot the OIG comments on those 
responses in the attachment. 

our further review ot the report reveals a fundamental 
philosophical difference in our approach to administerinq the 
Federal-aid highway program. This difference is specifically 
stated in the report•• synop•i•, alluded to in the report itself, 
and incorporated into many ot the report's recommendations. 

The philosophical difterence is clearly articulated in the 
statement on paqe iv which reads as follows: "• •• tbt 
continuing probl•• yitb lB!l.'• traditional 1trateqy of 
(acilitatinq,·r•tb•r than m1;d1tinq, • , ," The report suqqests 
that the FHWA needs to alter its operational relationship with 
state highway aqenci•• (SHA) and adopt, as we interpret it, a 
strategy--tmat i• inconsistent with this Administration's approach 
toward customer service and minimizin9 mandates. We find this to 
be totally unacceptable and continue to noneoncur with that 
premise and in all recommendations in the report that would lead 
the FHWA in that direction. 

The FHWA'• basic philosophy ot ••facilitatipq. rather tbap 
mapdatinq" is based upon the faet·that the Federal-aid hiqhway 
proqram is a federally assisted State proqram. The FHWA must 
ad.minister it in that liqht. The Federal-aid highway program is 
fundamentally a formula allocated proqram. With finite 
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allocations, SHAs are independently under intense fiscal pressure 
to assure the most efficient use of all highway dollars, whether 
they are Federal, State, or local dollars. 

The FHWA's fostering of a cooperative partnership approach has 
served FHWA, the States, and the Nation well since its inception. 
This partnership approach was strengthened by the passage of the 
Intermodal Surface Transportation Efficiency Act of 1991. The 
FHWA continues to look toward bettering, not dismantling, this 
relationship in the future. 

In response to the specific recommendations contained in the 
report, among other things, we have attached specific 
clarification and timetables for life-cycle cost analysis (LCCA) 
and pavement design activities as you requested. The FHWA 
believes that it is important to note that we have made 
significant progress over the last few years in both of these 
areas. 

In the area of LCCA, we have reviewed the recent 1993 American 
Association of State Highway and Transportation Officials 
(AASHTO) survey of SHA applications of LCCA, conducted an 
FHWA/AASHTO symposiWI on LCCA in December 1993, and plan to 
publish an interim policy statement on LCCA. This policy 
statement will include recommendations on minimWI analysis 
periods to be used and references Off ice of Management and Budget 
Circular A-94 for guidance on the selection of appropriate 
discount rates. The goal of this policy statement is to clearly 
define the FHWA's position on some of the more important 
components of LCCA, including analy•i• period, discount rate, and 
user costs. We intend to publish this policy statement in early 
summer. 

It is important to note that we are making significant progress 
in this area and will be in a better position to further 
determine our course as current efforts evolve. 

The same is true in the area of assuring high quality, 
cost-effective hiqhway pavement design, construction, 
maintenanc=., and preservation. The new December 1993 Pavement 
Manaqement System (PMS) regulation require• SHA• to develop 
comprehensive coordinated systems to effectively manage pavement 
to address current and evolving long-term pavement needs. It 
also broadens the pavement design requirements to include an 
analysis of the entire pavement structure (subgrade, subbase, 
base, and pavemene). Th• +egulation specifically requires that 
pavement design analysis consider life-cycle coats. · 

The FHWA intends to rewrite its Federal-Aid Policy Guide (FAPG) 
on pavement design to batter track with the recently revised PMS 
regulation by the end of this calendar year. The rev~sed FAPG, 
in conjunction with th• new PMS regulation, will provide 
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significantly more definitive guidance on pavement design. As 
noted in our earlier response, the FHWA agreed to direct its 
regional pavement engineers to participate with the divisions in 
pavement design and management reviews in each State during the 
next 2 years. Headquarters pavement engineers will participate 
in at least one of these reviews per region. 

Further, we continue to stand by our original position, as stated 
in our September 2 memorandum, that the audit report does not 
support a finding of a material internal control weakness. 

We appreciate the opportunity to comment on this draft report 
concerning the Audit of Cost comparison of Asphalt Versus 
concrete Pavement in Region 4. 

2 Attachments 
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New Jersey reported the performance of their experimental permeable base 
pavement sections constructed in 1979-1980 at the 1988 Transportation 
Research Board Meeting. Their initial observations/findings on the AC 
sections were that the thinner sections were performing as well as the 
thicker sections with rutting being about the same. On PCC pavement 
sections. there was less deflection. no faulting or pumping. and 
s ubst an ti a11 y reduced frost penetration. 

Pennsy1 vani a rated the performance of their experimental permeab 1 e base 
sections constructed in 1980 much better than dense-graded aggregate base 
sections. Based on the positive interim results of these sections. a 
permeable base layer between the PCC pavement and dense-graded aggregate 
subbase became the State standard in 1983.(3) 

Rideabil ity 

All of the States indicated that the rideability of permeable base pavements 
was no different than that on dense-graded bases. This was substantiated in 
California and North Carolina (asphalt cement treated) and Michigan 
(untreated). The rideab11 fty of some recently constructed PCC paveirents in 
these States had been measured using the California and Rainhart 
prof il ographs at 0-5 inches per mile. In general. those States using a 
string1ine for both horizont~l and vertical control had a substantially 
better ride quality than those that did not. Also. those States that had 
incentives/disincentives for rideabi1ity had projects with very good ride 
quality. 

Bids for permeable base materials were generally found to have slightly 
higher costs per unit weight than the imperireable dense-graded materials they 
replaced. Five of the seven States that used an untreated permeable base 
found that they were slightly more costly per unit ireasure than conventional 
dense-graded aggregate bases while two States. Iowa and Michigan. indicated 
that the unit costs for their perireable base material were the same or 
sanetimes less. 

As expected, the treated permeable base materials were two to three tiires 
more costly per unit ireasure than conventional dense-graded aggregate bases. 
However. all three States that predominantly used treated penneable base 
material found that the unit costs for it were about the same as those for 
dense-graded AC base. In addition. all three noted that because of the 
higher void content of the perireable material. the yield was 15-30 percent 
higher than dense-graded AC. California found that asphalt cement treated 
permeable base was genera11y less costly per unit reasure than ceirent treated 
base (CTB) and lean concrete base CLCB). The material unit costs were the 
same· or· slightly more than asphalt concrete base but because of the large 
void content the yield was 20 percent higher. Kentucky. which had used some 
asphalt treated permeable base within the past year. also found that its 
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INFORMATION: Proposed Final Interstate 
Maintenance Fund Transfer Policy 

Director, Office of Engineering 

ro Regional Administrators 

Memorandum 

Dare SEP 2 I 1994 

=eo1v :o 
An~ 01 HNG-42 

Attached is a copy of the FHWA's proposed final policy statement on Interstate 
Maintenance Fund Transfers, which was published in the Federal Register on 
Friday, September 2. It addresses criteria relating to the decisions on 
adequate maintenance of the Interstate System for purposes of the Interstate 
Maintenance Program Transfer provisions of Title 23, United States Code, 
Section 119(f)(l). It is a proposed replacement for the Interim Maintenance 
Fund Transfer Policy, published at 58 Federal Register 12229, on 
March 3, 1993. 

The proposed final policy statement would add safety and geometric criteria 
not originally proposed in the interim policy, and modify the existing 
criteria for pavements. Modifications to the pavement criteria would 
change the IRI criteria from 240 cm/km (150 inches/mile) to 200 cm/km 
(127 inches/mile), modify the faulting criteria to reflect a faulting rate 
of 525 11111/km (33 inches/mile) for both plain and reinforced jointed concrete 
pavements, and add a surface friction related criteria. 

We have reopened the docket and will be accepting written public comments 
until November 1, 1994. We would appreciate it if FHWA field offices would 
adhere to that date in submitting any co11111ents. Please note, that until we 
publish a final policy statement, the interim Interstate Fund Transfer Policy, 
published in the Federal Register on March 3, 1993, is still in effect and 
governs Interstate Maintenance Fund Transfer requests. 

The Pavement Division continues to coordinate this effort for the Office of 
Eng;neering. Please direct any questions relating to this policy and/or its 
implementation to Mr. John Hallin. He can be reached at (202} 366-1323. 

Weseman 

Attachment 

NO~ : The proposed ~nal policy statement proposes changes to agency policy and has been 
pubhshed to. gather ~ublic comment. Until the statement becomes final the interim policy 
statement wdl prevail for transfer of interstate maintenance program funds. 
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Federat H+ghway Admtmstratk>n 

[FHWA OQClr.et No. 93-10] 

TraMfer ot Interstate Maintenance 
Program Funds 

AGENCY: F&deral Highway 
Administration (FH'W A). DOT. 
ACTION: Proposed final policy statement: 
requests for comments. 

(HlTFSAMJ. a public inte?"e'$t group. 
provided wntten comments to tbe 
docket established for tbe intenm policy 
statement. 

The SHA comments rang&d from 
administrativoe type questions. such as 
requests for clarification of 
measurement proced.Ul"e'5 and use of 
eldstmg pa~ment ma.nagement system 
data. to fundamental positions on the 

SUMMARY: This pro.......,...A fin.al polirv individual indicators a.nd the specific 
~ -J established criteria. Some SHAs 

statement sets forth the FHWA 's policy endorsed various p<Ortions of the criteria 
for addressing the interstate established. wh.ile others took exception 
maintenance program funds transfer to part or all of the criteria. 
provisions of 23 U.S.C. 119(0(1). Tb.e The HUFSAM strongly endorsed the 
criteria for determining what constitutes interim policy. lt stressed the need to 
adequate mllintenaace. which ant assure that the lnterstate System be 
included in this policy. ant associated maintained at a very b.igh level and 
with only the transfer of Interstate •'-. 
Maintenanca (IM) funds and a.re not noted v.u.t. b:orn its studies, nationwide, 
related to tbe State's responsibility to the Interstate maintenance funding 
properly maintain projects c~ levels are inadequate. 
with Federal-aid funds outli.Ded in 23 After evaluating the comments 

received. the FHW A continues to u.s.c. ue. Mauumanc:e. beli ·'-- ·-~ ~ f .. i d IM 
DATU: Comments must be received oa eve 1,1.14i ......... s,ers o appo., one 

funds specifically earmark.ed for 
or before N0¥9D1ber 1, t994. Interstate maintenance to other 
ADON!SSl!I: Submit written. signed • desigxiated programs should b&-
comments con<»n:dng this policy · permitted oi::J.ly wben the lnte~te 
statement to FHWA Dociet No. 93-10. System routes an in a physical.: 
Federal Highway Administration. Room opera1ional. and safe c:ondition lnd 
4232. HCC-to, om.ca of the Chief · pet!orm at or near the level Corwbic:h 
Counsel. 400 Sevemh Street.. SW.. - they were designed. and constructed. 
Wuhiagtaa. DC 2059Q. All comments Because pavement and bridge activiUo 
received will be available ro.r . constitute the major COit items of IM 
examjn•lfo11 at the above addresa' eligible lll:tivitia. the interim policy 
between 8:30 a.m. ud l-.30 p.m., e.t., focused 011 pavement and bridge 
Monday thraugll FDday. empt Federal condi'Cfon iDdictton a th• detenn:fnia& 
holidays. . . . . . factors for eligi.1ri.lity to t:nmlfer lM 
FOR FUMMP INFO...,,TIOll CCINl'AC::n ML funds. Otbe: essential elements, 
John Ha1UD. CbW. PllVtlUlll Delip. necessary to maiJ:ILl.i.a th• physical and 
and IWlabW.tatioa Brmcb. (202) 366- operational integrity o£the Interstate, 
1323. or JM. Vivian Philbin. Attaruy· must also be considend iD 
Advisor, O.fBce of c.hief C:Ou.a.tel. transportation daci.sioo.a.. RespoD.181 to 
General Law Bruc.b. (202} 366-0780, the interim. policy. however, i.o.d.ic:atl • 
Federal Highway Ad.ministration. 400 concern that ot.ber 8698nti.al elementa 
Seventh Street SW., Washington, DC need c.ot be considered i.o. tn.D.Sfer 
20590. decisions. This was not the intent of the 

· . interim policy statement. 
SU""'-EMEMTMYINFONIATIOM: Section 101(1) ofTiti. 23 U.S.C. • 
Backgroud defi.Del ''mlliDtam.llCll" to mem the 

OD Mardi 3. 1993. the FHWA p~OD al the~ bigb.W11Y. 
published &A iDteri.m poUq !ltat.,..i . includiag lllll'f:Ka. sboulden. l'OadliM. 
on the tnmilr ol ID.terltate m•inteoe..,,. sG'llCtW'8I. 1DCi u::h traflic cc:cuol 
program funds at 51 FR tZZ99. end deviil.:9 al ue W'HIUY mr it:l •fa and 
provtc:le<t a eo-d11 public cam.mmt effi.citmt QUU.atiGD. /\a. tba IM prCl8flDI. . 
period wbidi c:laM an. May 3. 1993.. now p:vrict.. the major l9IO\DWI for 
DuriDg t.b.e ~period. FHWA reUDi.litmioa. rw•r:fectns, md 
h• ....iuatect tbt COllUIMIDIS and. restanaiaa (311 warir.an U. ID..-. 
recoasidemd its iaitial politfaa. !tJI a. SySlem. n••H"I th• ...nee i.u. al &U 
NrlUlt. ti. PHWA la proporiaa to ma;. campaaets .md .. h•aciag 
modify Cbil pafWiiiliilll nmgb.D-m · · highway _..,..OD cbe system. sbOuld 
Caulttna c:rtwtll lllld to add~· m::ei:ve Bnt priol:ity far IM &md. u... For 
criteria. that were-not propoad t:a thll exam,-. owr Z5 ~of the pro;ects 
interim. Ucy. and approx:l.mlllliy to pil'Clmt of Na.da 

A tot~oi ta Saa .. bicbwa.1 ....-. f.rom. tbe IM prosram ... cmrent.ly being 
(SHAil and the Higbway User a:p9DIW on tn.f!lc llld. l&&rly 
Federation for Salety and MobWty• . - improvemeat projects. The FHWA 

1.4.3 

Arch
ive

d



45748 Federal Register I Vol. 59, No. 170 I Friday. September 2. 1994 I :-.:otices 

supports a continued strong emphasis 
on safety. 

In a sampling of SHA pavement 
management systems conducted during 
the past year. the FHWA found that the 
pavement condiuan indicators 
established in the interim policy are 
generally collected and used by the 
States in evaluating the condition of the 
Interstate for their own management 
purposes. While the data collection and 
reporting procedures differ somewhat, 
the fundamental indicators are 
consistently used by the SHA's to 
manage their Interstate pavements. 

The proposed final policy includes 
the original pavement and bridge 
condition indicators established in the 
interim policy and adds pavement 
surface friction as a fourth pavement 
condition indicator. However, the 
roughness criteria has bHn modified 
and the separate faulting criteria for 
jointed plain and joint reinforced 
concrete pavement (jPCP and JRCP} has 
been replaced with a single criterion. of 
525 mm/km (33 inches/mile) for both 
jointed pavement types. 

ln addition to these interim factors, 
this proposed final policy statement 
adds criteria for the additional traffic 
and safety related indicators of (1) safety 
appurtenances, (2) traffic control 
devices. and (3) geometric elements. 
These indicators are equally critical to 
the Interstate System which relies 
heavily on the availability of IM funds 
for continued adequacy. Maintenance of 
the Interstate System's operational as 
well as physical characteristics in a 
satisfactory manner remains the first 
priority for the use of these funds. 

Com.menu lleceind 
This section addresses specific SHA 

comments organized around the criteria 
established for each or the individual 
condition indicators. 

Pavement R.ougbnes11 
Lhree SHAs suggested that the 

International Rougbmlu Index (IRI}. 
developed at the 1Dtematicmal Road 
Roughness Experi:mct. is not the 
appropriate meaanHi..rideability. The 
FHWA nicopizal:tbat·IRI dOft have 
some limitatiom. lt dam, however, 
provide a common qaantitative basis 
with which to reference the different 
measures of rougbness. Further. it is 
currently collected by SHA.s and 
provided to FHWA under,tbe Highway 
Performance Monitoring System 
(HPMS) submiss1uo requiremeuts. 
Although the fHIA A is open to use of 
improved pavement surface rideability 
measures. until such time that improved 
measures and equipment to measure 
them are accepted and readily available 

to SHA's. the FHWA will continue to 
rely on !RI as the ride indicator. 

Fou.r SHAs commented that the 
specific IRl criteria of 240 c.m/k.m (150 
inches/mile) was too severe. The FHW A 
disagrees. The selection of the 240 cm/ 
km upper limit criteria on pavement 
roughness was directly tied to the 
FHWA's desire to require Interstate 
pavement to be in fair or better 
condition. The interim policy noted that 
initial IRl to pavement serviceability 
rating l (PSR) conversion studies z 
indicated a 240 cm/km IRl is equivalent 
to a PSR range of 3.0 to 3.5. Pavements 
within this range are classified as fair in 
the FHWA's "1992 Highway Statistics", 
report. Subsequent additional analysis 
of the IRl/P SR comlation indicates that 
a 240 cm/km IRl more accu.rately 
reflects a much lower PSR range of 2.5 
to 2.8 (pavements in this range a.re 
classified as being in poor to mediocre 
condition•). Based on this further 
analysis, the FHWA has established an 
upper limit of allowable nu of 200 cm/ 
km (127~/mile). This converts to a PSR 
of between 2.8 and 3.2 which is more 
consistent with the FHWA's original 
objective that pavements be in fair or 
better conditions. 

lliatting 
Ruttin9 comments were limited to . 

data collection difBculties and reflected 
a degree of u.ncertab:lty .ibOut what data 
collection equipment md procedure · 
would be couidend acceptable. No 
comments were received concerning the 
appropriateness of the rutttns Indicator 
or the establisbed criteria. TberefoN the 
FHWA bu retaiD.ed 15 mm (5/8 inch) as 
the upper allowable limit of Nttiq. 
Concerns related to data collection 
equipment and procedures are 
addrt'tssed under ''Pavement Data 
Collection," later in the preamble. 

Fault.i.ag 
The SHA comments on the faulting 

criteria were split evenly: five SHAs 

thought that the faulting cnteria were 
too restrictive. while five SHAs 
commented that the criteria were 
acceptable. In addition. the HliFSA:-.. 
found the criteria acceptable. 

One SHA recommended simplifying 
the policy by replacing the separate 
faulting criteria for jointed plain and ' 
jointed reinforced concrete pavement 
(JPCP and JRCP) with a single faulting 
criterion in mmikm (inches/mile) for 
both pavement types. A mm/km based 
criteria would eliminate the need to ta.ke 
joint frequency into account, as the 
average allowable faulting per joint 
would be directly related to the number 
of joints/mile. The FHWA ~ecognizes 
the merit in this recommendation and 
has replaced the separate faulting 
criteria of 3 mm on JPCP and 6 mm on 
JRCP with an equivalent maximum 
faulting rate of S25 mm/km (33 inches/ 
mile) for both. This faulting rate is 
equivalent to 3 mm per joint on typical 
JPCP with 6 meter (20 foot) joint spacing 
and 6 mm per joint on JRCP with 12 
meter (40 root) joint spacing. Because 
joint spacing varies between States, th• 
allowable faulting per joint will differ 
from Stat• to State. even thou. the 
faulting rate per km remains cdnstant. 

Administrative-Procedural Toleranc Limits ~,, 

The most common comment, rec~.-.. 
from seven SHA.t. was that the scope of 
the application of the criteria was too 
stringent. The crux of the argument wais­
that some tolerance limit should be 
established to allow a SHA in 
substantial compliance to transfer 
fu."lds. A common suggestion was that 
the FHWA only require that 90 to 95 
percent of the Interstate System meet 
the criteria before allowing transfer. 
. The FHW A recognizes that there are 
continually evolving pavement and 
bridge needs and, at any one point in 
time, even SHAs with exceptionally· 

'na PSR coDC1pt - chtveloped at tb• 1956 good pavements might not meet the 
Amllrica.u AuodatiOA of Stai. Highway Ofnci.tla criteria on 100 percent of their Interstate 
(MSHOJrmdtaitontiaWtbepPement t m Tb FHWA '--- - 1- d .-.t-OWty i.oda IPSll. comput.t ~ . sys e • e- .._ ll1.nla y 
obieCtiwiy ._v.nJd pa-i dmr... with provided relief for this situation. The 
1ub;tcUve ..mc.Dillty ratinp by pan.ala of rmd interim policy specifically allows 
vMnlo transfer when all criteria a.re not met on 

a 8u111r AJ.Qmari dd Mk:hMI L Dutw. th In t · f th ..l.. t "Ralattoubipa .... uu ad PSR: A a.port of e ters ate t e wou1. necessary o · 
tbe FIAdiap o1 PIMlllilDt Model E=b "tt.for correct any deficient segmenu is 
tlur Hlabway PwfDnmmot MoAilllriJll Syttma included in the approved Sta~ 
IHPMSJ ... TraotpotWton ~ s.n. No. et. Transportation Improvement ~gram. 
UnlYC'lityolUllaoiut UrblnaClwDpelgn.Itlporl . rem1iNd by 23 U.S.C. 135(0. This relief 
No. ~JOH:;S.,.....1191. nm ,--
doc:v.aiat 1a •-llbla tor iaapac::aiGO 1a FHW.Ar. is included in the final policv. The 
Doc:ILll No. ~10. FHW /\ believes that allowing a S to tO 

'F'KWA. ffHlgbwaJ Stadatla 1912 ... F'KWA-PL- percent exemption or toleJ'&Jlce wouJ" 
9M23. A copy of I.bis cloc:wMDt ia n.U.bllt far be unwise, as it would allow t.ransff 
lnspeetion i.o FHWA Occbt No. 93-1'0. · 

•Ibid. money necessary to ~ainta.i.n the 
s l'bld. Interstate highway system. 
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Pavement Oat.a Collection 

Several $HAs posed comments and 
questions on data collection and 
reporung procedures. The primary 
concern appeared to be whether FHWA . 
would require a specific data collection 
effort using some sta.ndardi:zed 
equ;pment and procedures that would 
be different from what is currently used 
by the individual SH.'\s. Further, the 
comments included request for 
nex:ibility in summarizing the data. 
Several suggested that FHWA should 
use whatever SHA PMS data was 
a\·a1lable to detennine the acceptability 
of a certification accompanying a 
trarisfer request. 

The FHWA intends to rely primarily 
on current surface roughness. rutting, 
and faulting inionoat.ion contained in 
SHAs PMS database(s) and from 
information reported in HPMS in 
evaluating the pavement component of 
State certifications accompanying 
Interstate ma.intena.tl.C9 fund transfer 
requests. 

The FHW A recognizes the uniqueness 
of each SHA's PMS and the diversity of 
equipment and procedures used by the 
SHA.s to meet their particular pavement 
management needs. The FHW A is not 
prescribing new specific Uniform data 
collection equipment. procedures,. 
sampling, or data reduction techniques 
to determine compliance with the . : . 
pavement Interstate maintenance · 
transfer criteria. 

Bridges 

Only two SHA's commented on the 
bridge section of the policy. Both 
endorsed the use of the current National 
Bridge Inventory (NBl) bridge deck 
condition rating (Item 58) u an 
indicator and supported the criteria 
requirement that bridge decb have a 
condition rating of 5 or better. This ii' 
consistent with the long standing use of 
a deck rating of less than 5 to determine 
a structurally deficient bridge. · · 

Both States also '*'CJZ!lmended that. 
FHWA indude the ~~or 
superstructunt and .• · . • in the 
policy and delete tbi~l)OltiDI . . 
requirement con~~the intirim 
policy. ". . 

The FHW A originalfy considered_ 
using superstructure and .Ubstructure'" 
ratings a.s specific criteria when it 
initially developed the interim polfcy. · 
Upon further consideration. FHWA still 
supports "load posting" criterion which 
reflects superstructure and substructu.re 
condition ratings and is also a measure 
of potential safety concern. 

The need for load posting is an end 
result of applying superstructure and 
substructure conditions. along with 

other factors. in making toad carrying 
capacity calculations. Changes in 
condition ratings. and therefore. the 
load posting. are affected by a red1;ced 
maintenance effort which eventually 
leads to continua! and long-term 
deterioration of bridge elements. 

One of the SH.-\s fun.her 
recommended that the FHW A 
incorporate failure susceptibility as an 
indicator. Failure susceptibility is not 
required nor normally assessed by 
States in the course of inspecting 
bridges to meet national bridge 
inspection standards. As a result. the 
FHWA believes it would be 
inappropriate to use failure 
susceptibility as a nationwide criterion 
in the rM fund transfer policy. and has 
not included it. 

Finally. one.SHA recommended that 
bridge railing adequacy should be 
included in the decision factors. Ue 
FHW A considered U:i.cluding bridge 
railing adequacy as indic.ated by NBl 
Item 36 in the early development of 
policy crtteriL The NBI Item 36 is a four 
segment item that rates bridge railings 
for adequate impact strength. and 
approach guardrail for adequate vehide 
safety and protectioa.. 

The adequacy of bridge railillp and 
approach guardrail is a serious safety · 
concern and should be considered U:r · 
the States' maintenance program as well 
u in developiDJ.highway safety 
projects. .. . . " 

'Bridie oat.i.O.Uectioa 
The NBhatlr.igs are determined iA · 

accordanar with the '*Recording and·· • 
Cod.Ing Guide for the Structure · 
Inventory and Appl'lisal of the Nation's 
Bridga" (Coding Guide) U.S. DOT/ 
FHWA. Oeceinber 1988. 

Policy 
For the purpose of 23 U.S.C. 119(0(1), 

which provides for transfer of State . 
apportioned IM funds that are in exC9SS 
of a State's need to the State's NHS and 
STP apportiomnent. the FHW A will 
accept a State's certi!caUon if the 
State's Interstate routes meet the 
following criteria: 

Pawment: 
(1) AD DU of 200 em per km (l2T l.Dc.hli 

per mile) or lea: 
(2) Ruttina of 15 mm (Sia inch) or 1 .. oa. 

fiexible pavements: 
(3) Cu.mulat:iw faultiq of 525 mm. plll!' km. 

(33 inc.bet/mile} or i.. oa jointed rigid. ~ 
pavements; arad .. · · 

(4} SurflcK havti adequ.ate swf.lal fiU:tiAll 
and draimfl, buld on the State accidaau 
record system not identifying any locatloca 
with • high incidence or wet weather 
accidents. 

1.4.5 

Bridges: 

(1) Br:dge decks tn "fair ccnd:t~on" or 
bet:er (Coding Gwde ltem 38 Mltl!d s or 
better): and 

(2) "<o load posting required iCJd1ng GL:;de 
item ~orated 5). 

Sa.fety Appurtenances: 

Guardrail. bndge rails. safety bamers. and 
other safety features including the upstream 
ends of all traific barriers meet (a) the 
per:'or:nance c~'.tecta of 23 CFR 625. (bl 
acceptable use wam1nts. and [cl installat:on 
requirements per State standard pla:is. 

Traffic Control Devices: 

All rr.ajor guide. regulatory. and warning 
signs meet the minimwn siz.e, shape. color. 
format. and message requirements as well as 
the day md night legibility and vislbility 
requirements of the Ml."TCD and 
amendments. 

Geometric Elements: 

( l l The horizontal and vertical alignment. 
and widths af mtdia.n. tnveleci w1y. and 
shoulders meet tht MSKTO Int•~• 
Standards, 11 incorponud I.A 23 Qlll 625. in 
effect tither at the time of original._ · 
constructioa., major rec:outructi~ er 
incb.tsion ia.to the l.Dtentate systemlwhicb · 
ever wu the latest: ancl. 

(2) Hazardous f.Mtunt (find object1. st"P 
sideslopa. ecc.l within tilt cleu zone art· 
either elimia.ated. comic«ed. or 1dequately 
shielded. 

In the event that the a)ndition, a.s 
reflected by current databases. does. not 
meet the rectuind criteria, rcr·a.nJl 
segment o!Interstate, the State's request 
for funding transfer may. not be 
approved unless the Stat• certiliel that 
the deficient seg:m.ents have either been 
subsequently upgraded to meet the 
required criteria or that the work 
necessary to cor.rect any such deficient 
segments is included U:i. the approved 
State Ttan$portation Improvement 
Program. required by 23 u.s.c. 135(!). 

Section 119(f)(2) of Title 23, U.S.C .• 
allows the States to transfer up to 20-
perunt of the apportione<l lM funds to 
the NHS and STP apportionment besed 
solely oa. the request of the St.ates. 

(23 U.S.C. 119 and :t'l5: 49 CFR t.48(b)) 
Issued on: Augmt n. 1994. 

Rod.MJLSlalllr, . 

Fedttral HisJaway Administnrror. 
(FR Doc M-UT!li' Filed t-1-'K: 8:45 .mt 
UJ.llG CON _,.....,. 
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affecting the Statet' option1 far Pavement Condition Indicators 
transferring a portion of these funda to . NOTE : Theproposed final policy statement 

proposes changes to agency policy and has 
been published to gather public comment. 
Until the statement becomes final the interim 
policv statement will prevail for transfer of 
interstate maintenance program funds. 

the States' apportionment.I for other Roughness 
Federal-aid programs. The FHW A will Wiii the Lntemational 

Section l 19(f}{l), as amended, allows Roughnesa Index (IRl) to evaluate 
the transfer of IM funds to other roadway roughne.ss. and hu set an 
Federal-aid highway programs provided upper IRl limit of 240 cm per km (150 
the State certifies to the Seaetary that: inc.hes per mile) for surfaca roughness. 

th The IRl wu daveloE*i at the 
(1) Any part of 8 IM funda a.re iD International Road Roug.h.nes.s 

F d I HI .. "d 1 1 ti excess of the needs of the State for ~~n·ment snnn•o-..l by th .. World . e era -;nway ... m n stra on ............. .-- n:Kl ., 
resurfacing, restori..ag, or rehabilitating Bank and several countries, including 

(FHW.l Docket No. 93-10) Interstate System routes and (2) th.at it the Un.ited States, in Braz.ii in 1982. It 
is adequately maiota.ioing tha Intentate Is desi.,,.,-..l to provide a com"'OD Transfer of Interstate Maintenance s d th c.-. .., •· ch e-""' , .. ystem, an 8 .......... wu, accep .. au quantitative buis with wh.ich to 

Program Funda certification. Notwithstanding section reference the different zneasuret of 
AGEHCY: Federal Highway l l9(0(1), section 119((f'l(2), 11 amended, roughness. It sumznari:z.es the 
Administration (FHEA), DOT. allows the Statea to "uncooditional.ly" longitudi.n&l 1urface profile in the wheel 
ACTION: Interim policy statement. transfer up to 20 percant ol unoblipted track and stmulates the response of one 

IM apportioned funda bued solely an wheel of a typical passenger c.a: 
SUWAAY: This interim policy ltetemct the request of the Stat•. t.ravel.iq 80 km per hour (50 aules per 
establishes the FHWA'a policy for Further, section 1009(c)(2) of the hour) to road roughness. 
addressing the intent.ate m.ainleD&DCI lSTEA requi?M the Secretary to develop • The !RI uppe.r fimit of 240 cm per km. 
program funds tranaler provimona of and make available to the States criteria selected by the FHWA. is based on 
section 119(0(1) of tille 23, United for detennining what constitutee consideration of research efforts that 
Statea Code (U.S.C.), which wu adequate maintenance of the Interstate relate actual roadways with a known DU 
amended by Section 1009 of the System for the purposes of teCtion with the public's perception of ride 
Intermodal SurfaOI Transportation 119(0(1) of title 23, United St&tes Code. quality. A recent study 1 conducted for 
Efficiency Act (JST'EA} of 1991. By The criteria for determi.D.ing what the FHWA iDd.ic:at.ed that objectively . 
publishing this interim policy statement constitutes adequate mai.nten&ne1, developed IRI numbers could be 
the FHW A 9"U to advi• Stat• ol th• which are iacluded in thi• policy, 111 mal.bematicaJJy correlated with t-
aiteria the agency will u1e ln ••eluatint asaodated with only the transfer of IM subjecti.wly developed pavement 
• State's request to transfer interstate funds and are not related to the State'• NrvicaabiUty ratinp a (PSRJ generated 
' "intenance funda. while providlnt th• reaponsibillty to properly maintain by panels of road users. This work 

•ortunity for public comment prior to projec::tl comtructed with Federal-aid Included mathematical fonnulu that 
Jing a final policy statement. fund.I outlined 1n 23 U.S.C. 111. allow conven.ion1 betw•n 1Rl readings 

DATU: Comments must be received oa Maintemnca. and anticip11ted roed user evaluation of 
or before May 3, 1993. In developio.g the specific criteria. the pavement performance (i.11 .. ~SR). 
ADOAESSIS: Submit written. signed FHWA believt1 that trarufan of Convemoo formuJu' indicate that 112 

comments conceming thia policy apportioned IM fundt speciflcally IRl of 240 cm per km correlates ti:' a ~SR 
statement to fHW A Docket No. 93-10, earmarked for Intantate maintenance to 1'lmS9 of bet:weeD 3.0 and 3.s, which 11 

Federal Highway Ad.ministration, room other designated programs should only sUgatly ~ter ~ the 2.~ to 3.0 PSR 
4232, HCC-10, Office of th• Olief be allowwd. who. th• mtsttata System rang~ ·~tad Wlth tenrun~l 
Counsel. 400 S..enth Street. SW,. rout• an in a physical condition to serviceability for Interstate highway 
Washington. DC 20590. All comments perform at or near the level for which pavements.• 
received will be available for they wen deligoed and iAteaded. , ..._Al-Om.I ud Mk::a..I L c.w. 
examination at the above addraa Pswment and bridp edMtift ~P' i.-w a PSa:" Rapart Df' 
between 8:30 a.m. and 3:30 p.m. e.t.. constitute th• majority of IM eligible die Flal:liael ol Pav-•' Model EA.llu-11 fill 
Monday through Friday, eXC8pt legal actmti• The FHWA bu loc.u..d on die Hlpwsy Pnrmuc:e MonilCl'iq Syst-

Federal holidays. pavem1111t ad bridge condition ~~~:'!.·U:::C::: ..:-:· '°" "1RTHER IMIORMAT10N CONTACI': Mr. iDdk:aton .. dettnntnlnt racton lor . No. Ull.U-ENC-llMOU, Sepl•O. 1119Z. Thia 
Louis Pa pet. Chief, Pavement Dlvillon. eligibility to tran•• IM funds. dOC11QM11a11a •'l'llilable rot i.a.tpec:li.111 FKWA 

(202) 366-1324, or Mn. Viviln Philbin. The PHWA baa selllC'ted Intvllat9 ~~':.!!pl -d...ioptd 1111 die itsa 
Attorney Adviaor, Omce of Oda!. pavement condition indicaton (surface ,._._ AMxiaaaa c1 se ... bitbwwJ Oftldals 
Coun.seJ, General Law BranGB,.fil02) rouahneu. nitting, and faulting} and IAASl«>J-' •ID .... 111a. ,.. __ 
366-0780, Federal Highway briTt 1condttian mdica~cm (bridp dd ~ •• CPSll. GWi ..,. a.a. 

d f i ti "- ... ~---6 SW 1 d ...-4_, objecei"11J ~ ,.~ dla~ wub A m n st:ra on, 400 .-venw .. .._. .. con tioa and the Deed for oa ..,.. ..... ai ,..bjlcU,,. ..mcmbUlty .. linp by puMlll o1 !Old 
Wuhington DC 20590. for naluating State'• requesta to truufw:r ~ 
SUPPUMENTARY WOflMATION: IM fund.a under the provisions of %3 •llld ... ----.... ~ u.s.c. 119(f)(t), These lndicaton ae ~ bJ .. sc.i. °' MaiiM. a IM Soedl 
Backgnnmcl collected md used '- the States in Cua&iAI P'-• m-.-• iys•- by PMS 

"'7 IDC. .ad Iba pN'rioua!y -tiGD.:i A1..()aiaft •d 
S.CUGD 1009 of the LSTEA am.ended evaluating the condition of th• Jntentate Out•~ died IA roouiote No. 1 •. 

23 U.S.C. 119 by ntpJ.::iJl& "lntentae · for their own management putpoML •nae "MSJn"O Cwda '°' c.11111 olPn-• 
Cvstern NIU.rfac:iq" with the "~ They .,. generally incorporated into Structww". MSHTC, 1914 IPll'I Ml den-

ntanance program" UM) P'llblk: Law Slate pavement aad bridga managemnt =~ =·· ~~i.oa 
102-240, llCtioD 1009. 105 Stat. 1Ystema and th• national bridge . becaDea ._,. ror t1w1 pmt1c:ui. c:i.. of 

..-:114. 11f33. ~ 1008 allO lnventary ar:i.d. hifJb.way pcrforinaac:e hlth...,· 'nl• MSH'l'O'Qar.lde..,. ma io DOte m.r 
•t.abl.iahed ad.di.Uoa&l cnnoNata mooi.toriDg l)'ltlm. ~ 
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Rutting 

The FHWA hu established 15 mm(~ 
inch) u the upper allowable limit of 
rutting. . 

The American Association of State 
Highway and Transportation Official.$ 
(..\.ASHTO! Highway Subcommittee OD 
Construction surveyed State highway 
aisenciet. in 1988 on rutting. The survey 
rn•·ealed that for State maintained roads. 
•1, inch ruttmg would initiate 
renabilitation 111 about :JS percent ohbe 
States. An additional 35 percent of the 
States indicated that Va inch of rutting 
would initiate rehabilitation. The 
"Highway Pavement Diatnlsa 
Identification Manual" (HPOIM)S 
class1.fies Vi to t inch of n.ttting u 
moderate severity. 

The FHWA 15 mm (5/1 inch) criterion 
is consistent with the performance 
levels expected on the Interstate System. 

Faulting 

The FHW A has established two levels 
of faulting criteria that are related to 
pavement type. The FHWA has 
established an upper limit on faulting of 
3 mm {t/11 inch) on jointad plain concrete 
pavements (JPCP}. and en upper limit 
on faulting of 6 mm ('le inch) on jointed 
reinforced conc::rete pavements (JRC'). 

Generally, State highway agendn 
consider faultins to be objectionable i.o 
the t;,. to 1/s inch range. The HPDIM 
classifies faulting between Vt• and Vs 
inch u moderate severity. The 
"Pavement and Shoulder Maintenance 
Perfonnance Guides.'' Augwit 1984, 
FHWA publication number T8-a4-20S. 
indicates faulting should be repaired It 
v .. inch. A copy of T8-a4-208 ia 
available fot inspection in FHWA 
Docket No. 93-10. 

The FHW A selected. a lower level of 
faulting for JPCP than for JRCP because 
JPCP joints occur more frequently. Tb9 
levels selected are consistent with the 
higher axpectatioo the traveling puhUC 
associatet with Interstate highways. 

Pavement Data 

Procedww for developing lRl .,. 
cumntly well defined in the guid.anct 
provided in th• ••Highway Peri'onnace 
Monitorins System lHPMS) Field 
Manual. M Appudix J "Rougbn .. 
Equipment. Calibration and Data 
Collection. .. This document ill widely 
a\•ailable in plaonins sections of State 

a 111fminaJ. - 11 b'!Uy l:ira or z.s to '.o ta oa.. 
sua-llld for- l&l 111.-o.ip olm&!Ol' hilb_,.. 
A copy of !Mt publklllioll la l'lailaiMe fGr 
inspctioa Ill FHWA DocUt No. ID-tO. 

'Tllo .. HipwwJ' "-1 ~ ldmlillcatloll 
"'lmua.1-. US DOTIFHWA. DOT-FH-11 ... 1751 
NCiJUt 1-ta. M.udl.. 1tnrwpN1tldft111nwy 1-. 
Tiu.a ~- .. ..,llll.Allle for iuf*ISOa la 
FliWA Ooc;.lwlt No. U-lO. 

highway a!Jencies and the FHWA 
division offices and a copy of this · 
publication is 1vailable for inspection in 
FH\V A Oodet No. 93-10. llU data ant 

collected annually and reported to the 
FHWA under tha HPMS program. 

The FHWA pavement policy. (23 CFR 
part 6Z6J requires each State to hive a.a 
operational pavement manaeement 
system (PMS) for principal arterials 
(which includes the Interstate system) 
in place by January 13. 1993. 

The FHWA envisioDS that the State& 
will assemble necessary pavement 
surfao:e roughness. rutting, and faulting 
information from data CWT11ntly · 
available in the SI.ates' PMS databue(s) 
e.nd from infonnalioa ntported in 
HPMS. 

The FHWA division offices will work 
with the State1 in identifying acceptable 
procedures for mM1urin1 and compilins 
the data available from the States' PMS. 
Data supporting each State ·s IM transfer 
request will be made available for 
inspection by the raw A. 

Bridp Condilion lndicatoN • 
The FHW A will use the cumnt 

national bridge inventory (Nell brids• . 
deck. condition rating (item 58) and the 
rating indicating whether the bridp 
requires load posting (item 70) u · 
indicators of Interstate bridge i:ondition 
for purposes of evaluating States' ~ 
requests for IM transrer. The NBI ratings 
int detennined in accordance with the 
"Recording and Coding Gu.id• ror the 
Structure lllventory and Appraisal of the 
Nation's Bridges" (Coding Guide) US 
DOT/FHWA. December 1988. A copy of 
this publication is availabt. for. , 
inspection in FHWA Docbt No. 93-10. 

Bridp Deeb 
Th• FHWA will NqUift that bridse 

decks have • conditiou rating {item SI) 
of 5 orbett•. 

Bridge decb art rated i.o item sa oa 
• scat. of 0 to 9 with a rating of 9 
representing • bridge clec:k i.o exceU.Dt 
conditioa. A Codlllg Guide dac:.k ratinS 
of less than 5 indicates a poor condition 
witb the deck showing deterioration ud 
spalling. In relation to paYINneDl 
roughn .... 1 deck with • raUns leu than 
5 is considered 1 rough dac:.k that would 
not provide 1 reuonably amooth rid.L A 
dac:.k ratins of leu than 5 is• long­
standing condition ratins used to 
detennine a structurally deficient 
bridp. 

Posting 
The FHWA will requ1ra that NBI item 

10. ror load posting. must be a rating of 
s. 

The National Bridge Inspection 
Standards (23 CFR part 650, subpart CJ 

1.4.8 

require the postJ.ng of load limits oniy 
if the maximum legal lo.ad in a State 
produces stnls.&81 in excess of th• 
operating stress levels. The operatine 
stntss level will result from the absolute 
maximum permissible load to which 1 
bridge may be subjected. Coding Guide 
item 70 of the NBI is the item for bridge 
posting, and a State '1 rating of 5 
indicat• that no posting is required at 
the operating level. 

Load posting cf 1 bridge reduce1 the 
level of service cf the system cf which 
the bridge is an integral part and can 
potentially disrupt interstate and 
intrastat1 commerce. Heavy vehiclea 
may be requintd to take long detour 
rout11 thereby indi.rectly adding to the 
costs the public must bear for goods and 
servia11. Leed posting of 1 bridge may 
also be an indicator of 11 bridge· s 
superstructure or substructun capacity 
that may have been affected by · 
continua.I and Iona term deterioration of 
the bridge's element.I and which could 
have been prevented or abated by 
adequate preventive maintenanca. 

Policy,_., 

For the purpoM of 23 U.S.C. 119(f)(t), 
which providM for transfer of IM funch 
apportioned to th• States. the FHWA 
will 1ccept a State's certification if the 
Slat•'• Interstate rou.tes meet the 
following criteria: ;i 

Pavement 

. (t) An lRl ol240 cm per km (150 
inches par mile) or leu; 

(Z} Rutting or 15 mm (518 inch} or 
less: and 

'(3} Faultins of 3 mm · :: ., :nch) or leu 
OD JPCP and 8 mm {1/4 , ; l OI' leu OD 
JRCP. 

Bridges 

(1) Bridge decks in'" :iition .. or 
bettn (Coding Guide h.. 1ted 5 or 
better): and. 

(2) No load posti:nl :e: . · .Coding 
Guide item 70 rated 5). 

In the "9Gt that the CC ~ ..:..tiOD. U 
nfiacted by CWTent cond:uon data 
hues. for any segment of Interstate 
pavement or bridge does not mHl the 
requind criteria, the State· s requut fer 
funding tnnsfer may later be approved 
only if the State certiJla1 that th• 
deficient segments have been · 
subsequenUy upgraded to meet th• 
required criteria ot that the work 
necessary to coft'ICt uy such de6ciant 
segments is included in the approved 
Stat• Transportation Improvement 
Program. required by 23 U.S.C. 135(0. 

Section tl9(f)(2l of title 23 U.S.C. 
allows th• Stat• to .. IUlCOndltionally" 
tnnafer up to 20 paromt of unobliuted 
IM appartioaed funcb based solely cm 
the requtllt of t.ba Slat& 

Al&daoritr- U U.S.C 119 cd 3t5: 41CPR 
1.48{b). 

luulld oa: Pebruary 24, t ta. 
E.DN.aC&r'-
Exer:uti,,. Oil'l'C'tfK. Fllderal His/1Wfl1 
Adminiswtion. 
[FR Doc. 93 ..... ao!I Filed J-2-93; a:4.S anl 
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CHAPTER 2 

PAVEMENT ISSUES 

2.1 Reserved. 

2.2 Reserved. 

2.3 Tire Pressure, Technical Paper 89-001, February 15, 1989. 

2.4 Reserved. 

2.5 A Discussion of Discount Rates for Economic Analysis of Pavements, 
February 1990. 

2.6 · Resilient Modulus Testing Equipment, February 24, 1988. 

2. 7 Longitudinal Joint Construction and Edge Drop-Offs, March 1989. 

2.8 Reserved. 

2.9 Reserved. 

2.10 Life Cycle Cost Analysis, September 15, 1992. 
• Interim Policy Statement- FR, July 11, 1994. 

2.11 Reserved 

2.12 ISTEA Implementation Interstate Maintenance Program, Memorandum, 
May 21, 1992. 

2.13 Preventive Maintenance, July 27, 1992. 
• Information on lntentate Maintenance Program, June 14, 1993. 

2.14 Computer Software 
• McTran's Software, July 1995. Arch
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U.S. Department 
of Tronsponot10n 

Federal Highway 
Administration 

Sub1ec1 Technical Paper 89-001 - Tire Pressure 

From Chief, Pavement Di vision 
washington, D.C. 20590 

To Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Memorandum 

Date 

Reply to 
Attn Of 

FE8 5 1989 

HH0-11 

'Ihe effects of increased tire pressure on pavement performance has been a 
topic of considerable discussion during the past several years. '!he attacheci 
"Technical Paper" is issued to provide FlMA field engineers with the ·1atest 
information on trends in tire pressures, and tire pressure effects ai pavement 
performance. The paper's format caisists of a series of questians and ariswers · 
to the rrost camonly asked questions on this subject. 

Two copies of the pa.per are attached for your use and handling.. Please make 
distribution to the division offic:es following your l10ilnal. distribution 
process. 

Additional information en the effects of tire pressure on pavement performance 
may be obtained by contacting the Pavement Division, Pavenent .Management 
Branch at FTS 366-1337. 

2.3.1 
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Technical Paper 89-001 - Tire P.Iessure 

The pu:rp::>se of this technical pap='-r is to provide pavement specialists with 
the latest inf onnation regarding trends in tire pressures and the effects of 
increased tire pressure on pavement performance. The fonnat consists of 
questions and ans\tJerS to four of the roost camonly asked questions 'b'j pavement 
engineers. 

l. Has there been an increase in tire inflation pressure since the AASHO Road 
Test? 

Cold inflation pressures for tires used at the AASHO Road Test conducted 
between 1958 and 1960, were 75 psi for the 7.5 to 11-inch tires and 80 psi 
for the 12-inch bias ply tires. The ·tire pressures are recarmended cold 
inflation pressures for specified wheel loads, ranging fran about 3000 
pounds for the 7.5-inch tires to about 6800 pounds for a l2.00x24-inch 
tire. Hot tire pressures -were typically 9 to 20 psi higher than the cold 
pressures and averaged 11 psi higher. Hot tire pressures for the heavier 
wheel loads would therefore have averaged about 85 to 90 psi although 
pressures fran 23 to 130 psi were reported. It was noted at the Road Test 
that tire pressures increased gradually with truck operation but 
stabilized after 90 minutes. 

A 1987 nationwide tire pressure survey cooperatively done 'b'j the FHWA and 
State notor carrier safety organizations, showed. that 81 percent of the 
5040 hot tire pressures measured fell in the range of 85 to US psi. 
\tllile the size and type of tire was not recorded in this survey, it is 
estimated that 70 percent of the tires -were radials. Contact with tire 
manufacturers indicate that 75 percent of all truck tires ro.t1 sold are 
steel-belted radials with recannended cold inflation pressures of 95 to 
100 psi. 

Tire pressure surveys done in Canada, Florida, Illinois, Kentucky, 
New Mexico, and Oregon, in 1985 and 1986, involving m::>re than 4000 trucks 
shor.Ned average hot radial tire pressures.of between 96 and 107 psi. 

It should be noted that radial tire pressures are approximately 5 psi 
higher than bias ply tire pressures for the same wheel load. While radial 
tires flex nore during operation, less heat is generated due to their 
radial ply constructioo. 'l'b canpensate for the lower operating 
te:rperature of radial tires, manufacturers recarmend higher inflation 
pressure which reduces tire deflection, and equalizes the footprint 
bet'Weell radials and bias ply tires. 

The Wisconsin Departnent of Transportation did a detailed survey of 6780 
truck tires in 1987 that shc:7..led 93 percent of hot tire pressures fell 
bet-ween 85 and 115 psi. The average hot tire pressure was about 100 psi. 
Wisconsin found that 12 percent of tractor semitrailer tires 'Were 
overinflated and 14 percent \.ere underinflated. In the national survey 
sponsored by FHWA, 11 percent were overinflated and 19 percent -were 
underinf lated. OVer- and underinflation tNere defined as plus or minus 
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10 psi with respect to the tire manufacturer's reccmnended inflation 
pressure. Fran this information, it does not appear that truck drivers 
are intentionally overinflating their tires. 

'!he oost carm::m tire size reported in the Wisconsin survey was an 11-inch 
tire on a 24.5-inch rim followed by an 11-inch tire on a 22.5-inch rim. 

The Tire and Rim Association publishes recamiended tire sizes and rnax.imum 
cold inflation pressures for various tire loads. A canparison of 
recanrended tire pressures for the years 1930, 1969, and 1985 show only 
rrcxiest increases in inflation pressure for given loads. For example, the 
recatmended tire pressure for a 10-inch tire to carry 4000 pounds is 
65 psi for all 3 years. '!.be recatmended tire pressure for a 11-inch tire 
to carry 5000 pounds was 70 psi in 1930, and 80 psi in 1969 and 1985. For 
a 6000-pound load on a 12-inch tire, the reccmnended inflaticri. pressure 
was 80 psi in 1930 and 90 psi in 1969 and 1985. 

'lbe 1974 Highway Act raised the single ax.le ma.xirraJm TNeight limit fran 
18,000 p::>unds to 20,000 pounds, the tandem axle tNeight limit fran 32,000 
pounds to 34,000 pounds, and established a maximum gross weight limit of 
80,000 pounds. These increases in allowable weight limits have resulted 
in gradually_ increasing truck weights and 18,000-:p:>und equivalent single 
axle loa.ds. For exanple, on the rural Interstate System, the average 
number of equivalent single axle loads has been increasing alx>ut 7 percent 
per year, between 1970 and 1985. A recent study by Texas A&M university 
entitled "Inproved Prediction of ElU.." suggests that this increase is due 
to use of larger trucks rather than an increase in truck loads. 

In CCllClusion, tire pressures for given load rated tires have not changed 
['(llch over the last 50 years. Due to the increase in load being carried 
and the use of radial tires, fleet tire pressures have increased about 
10 to 20 psi when canpared to tire pressures at the AASI:D Road Test. 

2. Does. an increase in tire pressure accelerate pavement deterioration? 

'l.bere are six recent studies that suggest flexible pavement deterioration 
is accelerated by increased tire pressure. 'lbis is esi;:ecially true for 
thin pavements, i.e., AC surface course 1 to 3 inches in thickness. 
'nle six studies were dale at the Universities of Kentucky, Munich, Texas, 
and Waterlex> (canada), and at the Massachusetts Institute of Technology 
and Texas A&M university. These studies are suamarized in l'CBRP 1-25, 
"Effects of Heavy Vehicle Ola.racteristics on Pavement Response and 
Performance.• Brief extracts fran the six studies a.re as follows: 

Kentucky: A distress m:xiel was developed to predict loads to fatigue 
f ailu.re. It was deteminecl that the load equivalency factor increased 
rapidly with increasing tire contact pressure and de::::reasinq pavement 
thickness. Damage at 120 psi was 5.5 times greater than at 75 psi for 
thin AC paverrents. 
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Munich: Rutting rate versus tire pressure for single and dual tires was 
studied. Rut depth doubled when tire pressure was increased f ran 100 to 
130 psi. 

Texas: Strain increased significantly in 1-2" AC pavements as tire 
pressure was increased fran 75 to 110 psi. The increase in tire pressure 
resulted in a 25 percent decrease in pave:nent life. 

waterloo: An increase in tire pressure fran 60 to 120 psi increased 
strain in the AC surface course and top of the subgrade causing fatigue 
cracking. A seven fold increase in rut formation was predicted for the 
same increase in tire pressure. 

MIT: Damage at 125 psi is roore than t-wo times greater than the damage at 
75 psi for 1-3" AC pavements. The tiJte to rutting failure was reduced by 
30 percent, and surface rutting increased 300 percent for a tire pressure 
increase fran 75 to 125 psi. 

Texas A&M: There was a 50 percent decrease in fatigue life of a 2-inch AC 
pavenent over 8 inches of aygiegate base when the tire pressure was 
increased fran 75 to 125 psi. 'lbe higher tire pressure substantially 
increased the.rate of fatigue era.eking in the thin AC surface. 

It should be er.pha.sized that the al:xM! results are for thin AC pavements 
(l-3 inches of AC) and are based ai carplter tmdels and not on field 
surveys. 

At the FHWA's accelerated. loading facility (ALF) in Virginia, the effects 
of tire pressure \<till!re evaluated on a flexible pavement consisting.of 
2 incr.,.- oE asphalt cxncrete TNearing oourse, 5 inches of asphalt concrete 
binder course ary; 12 inches of crushed aggiegate base course constructed 
an an AASH'ID A-4 ~bgrade. Tire pressures of 76 and 140 psi and J:::oth 
radial and bias ply tires ~ used in the study. A second variable in 
the study was dual wheel load set at 9400 and 19,000 pounds. Surface 
def lectian and strain and tensile strain at the bot.tan of the AC layer 
were measured. 

Results show that doubling the load fran 9400 pounds to 19,000 p:runds on 
this thick pavement sectiai increased predicted pavement c""'tla.ge by 1000 
percent, while doubling the tire pressure increased predicr:ed damage by 
only 20 percent. It was quite obvious that for this paverent section 
increa.sinq wheel load affected the pavement oonsiderably rore than 
increa.sinq tire pressure. Predicted pavement damage was in terms of 
fatigue equivalency factor developed using an exponential relationship 
between the number of cycles to failure and the magnitude of the tensile 
strain at the oottcm of the asphalt layer. 

'While it is safe to say that wheel loads affect the pav-arent considerably 
rrore than tire pressures, care should !:le exercised in making judgmerrc.s 
al:x:>ut the effect of load and tire pressures on real tra.f ficked paverrent 
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sections. The Af.E does not duplicate actual truck wheel loads in that AU' 
does not have a suspension system equivalent to a truck suspension system. 
L::::e.ds are also not a;:plied to the pavement in the sarre manner as under 
actual highway conditions. 

CXle other finding of interest related to tire pressure is frcrn an 
Australian study as surnna.rized in tOiRP 1-25. It was found that dynamic 
load ·induced by the drive wheels of a tract.or semitrailer truck decreased 
with an increase in tire pressure. Tire pressure did not, however, affect 
dynamic load induced by the trailer wheels. This finding is contrary to a 
study done by the Massachusetts Institute of Technology which fourrl that 
an increase in tire pressure f rcrn 75 to 120 psi increased the dynamic load 
coefficient frcrn 0.12 to 0.14. Dynamic load coefficient is defined as the 
standard deviation of the dynamic load divided by the mean dynamic load. 

3. What efforts have been made to assess tire pressure trends and quantify 
the impacts on flexible pavements? 

The rrost significant effort to assess tire pressure trends and to def ihe 
the extent of the tire pressure proble:n, was a 1-&y syrrp:>sium held in the 
spring' of 1987 in Austin, Texas. The synposiur:n which was sponsored by 
AASH'ro and the FFMA was attended by 70 individuals representing the 
highway, tire~ and trucking irxlustries. Questicns used to guide the 
discussion included: Has there been an increase in ti.re pressure since 
the AAS8J Road Test? Has increased ti.re pressure accelerated pavenent 
damage? Is legislation needed to regulate new tire and truck designs? 
Is it time to accelerate our efforts to improve mix design? Should load 
equivalency factors be increased? 

Findings f rcrn the symposium are reflected in the ~s to our first t'INO 
questions. It was qeneral.ly agreed that the int:roductioo of legislation 
was not an appropriate course of action at this time to regulate ~ tire 
and truck designs. SUch leqislaticm. \1it'Ollld also be very difficult and 
costly to nalitor and enforce. · A leqislated solution to the effe=ts of 
tire pressure shcW.d be a last resort approach. 

Those in atterxlance thought that efforts to improve mix design should be 
accelerated and that load equivalency factors should be increased. It was 
felt that better carmmication between segixents of the transportation 
industry and acre research a.re neeied to define the relationship between 
vehicle characteristics and pavement deterioration. 

The Seccn:l North .Anerican Ccxlference on Manaqinq Pavements was held in 
Tora>.t.o, canada Noveml::ler 2-6, 1987. At this caiference papers \\1ere 

presented on all aspects of pawirent manaqe:rent including in;;lacts of 
trucks. Mr. Jack F:riedenrich, Chairman of the .AASmU Task Force on High 
Pressure Truck Tires, presented a paper sumnarizinq the Task Force 1 s work 
to date. In addi tiai to discussinq trendS in truck tire design and 
inflatioo pressure, Mr. F:riedenrich outlined the pavement problems 
resulting fran higher tire pressures and discussed an a.i;:proach and needed 
research to solve these problems. 
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Tire pressure and related pavement problems are not solely those of 
increased rate of pavement deterioraticn. The AASB'IO pavement design 
equations are based on a set of assmaptions including the assumption that 
t.OOay 1 s tire pressures are t.."le same as those at the Road Test. Because we 
have shown that today's tire pressures are higher and because other 
assumptions al::out environment, roadbed soils, vehicle characteristics, 
etc. may have not been net, the design and analysis of pavement structures 
using AASH'lO procedures are being questioned. 'lbe basic AASH'ro design 

. equaticns are also being questioned due to changes in allowable axle 
loads, suspension systems, wheel cal.figurations, and axle spacing since 
the Raad Test. 

Finding a solution to the problem of increased rate of pavenent 
deterioration is not easy because of the number of factors that contribute 
to the problem. For this reason, the solution must involve all aspects of 
the catplex relationship between vehicle and pavement. ~s that 
incx:>rporate all vehicle characteristics need to be developed and verified 
so that accurate dynamic loads applied to the pavement can be deteµ:mined. 
Pavement models that pl:edict the number of load applications to a 
particular type of pavement failure also need to be developed and 
verified. When we can caifidently predict the effects of c:hanqes in 
vehicle characteristics and pavement desi911, we can begin making those 
decisions which will give us the lcngest pavement life for the least cost. 

'!be solutioo to the problem also involves.a c:x>nt.inuinq dialogue amcnq 
those buildinq the pavements, those usiD; our highways, and tire and truck 
manufacturers. Tewa.rd that end, Mr. Fried.enrich suggested future 
syrtpJSiums like the aie held in Austin, Texas. 

There were two tire pressure-related papers presented at the 1988 
Transportatioo Research Board annual neeting in Washington, o.c. 'lbe 
first paper is entiUed: •Effect of Io:ld, Tire Pressure, and Type on 
Flexible Pavement Response" by Messrs. Ray Bonaquist, Charles Churilla, 
and Ms. Deborah Freund of the Federal Highway Administration. The paper 
preserits the findings of ~k with the FBWA's accelerated loading facility 
for the first two pavement sections tested. 'lhese f i.ndings are included 
in the answer to the second question. 

'!!le second paper is entitled: "Evaluation of Increased Pavanent I.oadi.n.q 
and Tire Pressure" by Stuart Hudsa1 and St9J;Xlen Seeds of Austin Research 
Engineers, Inc. (ARB). The authors sumnarize ~k done for the Arizona 
Depa..rtnent of Transportation to develop ca:rplter progiams to calculate 
18,000-pound equivalent sinqle axle loads (FSAL's} fran both loa.dateter 
and ~qh-in-mx.ion data. The prograns have the capability of using 
either AASHro load equivalency factors or factors developed by ARE. The 
ARE load equivalency factors take into consideration tire pressure, 
pavement structure, truck classification, wheel configuratioo, and axle 
canf iguration. Based on the results of a survey of 350 trucks in Arizona, 
the authors believe that tire pressure should be included in flexible 
pavement design. The survey shc:lwed that the average hot tire pressure for 
the tires on the truck steering axle to be 106 psi, and 102 psi for the 
tires on the drive and trailer axles. 'lbe values are a.tnit 20 percent 
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higher than the 85 to 90 psi hot tire pressures measured at the AASHO Road 
Test. Using a fatigue damage m:x:lel develqJE!Ci by Mr. Fred Finn and a 
pavenent section carposed of 3 inches of 'PC. over 6 inches of aggregate 
base and 8 inches of aggregate subbase, the authors concluded that an 
increase in tire pressure f ran 90 psi to 121 psi ~uld reduce pavE!tent 
life by 38 percent. Ninety percent of the tire pressures measured in 
the Arizona survey fell in the range of 90 to 121 psi. The shortened 
pavement life due to increased tire pressure is the reason the authors 
believe that load equivalency factors used to design pavarent structures 
should consider tire pressure. The tire pressure adjusted load 
equivalency factor would equal the loads to a particular type of p;J.VE!tent 
f ailu.re or am::>unt of damage for a standard wheel load and tire pressure 
divided by the number of loads to the same pa.ve:rent failure or art0unt of 
damage for a given wheel load and tire pressure. 

4. What can be done to make flexible pavements more resistant to tire 
pressure-related damage? 

Tire pressure is aucial in dete:rmininq stresses near the surf ace of a 
flexible pave:rent. Hiqh tire pressures, thus, nec-essitate high-quality 
materials in the ~ layers of the flexible pavement. Asphalt overlays 
of cmcrete pavements rray also be hiqhly inpacted by increased cootact 
pressures. 

'!be same preliminary design, mix design, construction, and maintenance 
practices that have been used to make flexible pavenents m:::ire resistant to 
rutting, stri~ing, and cracking can also be applied to ensuring N:. 
pavements are resistant to higher tire pressures. These practices can l::e 
found in FHWA Technical Mvisory T5040.27, "Asphalt concrete Mix Design 
and Field Control," March 10, 1988, and in such study reports and manuals 
as the following: 

"Asphalt Pavenent Rutting Western States," Western Asscx::iation of State 
Highway and Transportation Officials, original report, May 1984, and 
follCMUp report, February 1988. 

"Asphalt Pavement Rutting and Strippi.nq Rep:>rt.," FHWA Ad Hoc Task. Force, 
August 14, 1987. 

"Hot-Mix Bituminous Paving' Manual," FHWA, May 1984. 

Sane iirp:lrtant factors brollght out by this paper and by the referenced 
materials which may help prevent failures under high tire pressure 
conditia'lS a.re as follows: 

(l) Use the FBWA Traffic M:mitoring Guide and ~gh-in-m:Jtion 
(WlM) equipnent to obtain accurate design axle loadings. 

( 2) Follow the reccmneOOatiais found in the ~ Technical Advisory 
T5040.27 "Asphalt COncrete Mix Design and Field COntrol" with 
particular srphasis on the suggested eight steps to be followed in 
pavel'!Slt rehabilitatiai design. 
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(3) Stripping is often a primary cause of rutting which is aggravated by 
high tire pressures. Be sure to consider an anti-strip additive when 
high volumes of t.rUcks are anticipated. 

(4) Use the 0.45 power gradation chart to select the proper aggregate 
gradation for optimum mix density, stability, and voids. 

( 5) Follow recamiended gocxi engineering procedures pertaining to 
drainage, site cx:mtrol, choice of asphalt, choice of aggregate, mix 
design, base and snhbase design, plant operatiai, calStl:Uction 
practices, quality control, and maintenance. 
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GENERAL 

A DISCUSSION OF 
DISCOUNT RATES FOR ECONOMIC ANALYSIS OF PAVEMENTS 

PETER Z. KLESKOVIC 

DRAFT 

In a life cycle cost analysis, a discount rate is needed to compare costs 
occurring at different points in time. The discount rate reduces the impact 
of future costs on the analysis, reflecting the fact that money has a time 
value. In the private sector, money that is not~ spent today can be invested 
to earn some rate of return. In the public works sector, where needs usually 
exceed the available funds, savings from one project can be used to build 
another project. This results in additional benefits to the public. 

The factors that determine interest rates for .bonds include inflation, risk, 
liquidity and tax liabilities. Removing these factors should result in a real 
interest rate that represents the true time value of money. In the 
engineering economics literature, this rate is known as the discount rate. 

There continues to be discussion about what rate to use when evaluating 
alternative pavement strategies. In a 1987 survey, State Highway Agencies 
used rates ranging from O to 9 percent. Of the 27 responses, the median 
discount rate was 4 percent, which was used by 26 percent of the responding 
States. In total, 59 percent of the responding States used a discount rate in 
the range of 3 to 5 percent, with 19 and 22 percent either below or above this 
range, respectively. 

The discount rate can affect the outcome of a life cycle cost analysis in that 
certain alternatives may be favored by higher or lower rates. High rates 
favor alternatives that stretch out costs over a period of time, since the 
future costs are discounted in relation to the initial cost. A low rate hurts 
these alternatives since future costs are added in at almost face value. In 
the case of a discount rate equal to 0, all costs are treated equally 
regardless of when they occur. Where alternative strategies have similar 
maintenance, rehabilitation and operating costs, the discount rate will have a 
minor effect on the analysis and initial costs will have a larger effect. 

This paper documents a review and analysis of economic data in order to 
determine an appropriate discount rate to use in economic analyses of 
pavements. Interest and inflation data was assembled for the period of 1950 
to 1987. Discount rates were then computed by subtracting the inflation rates 
for each year from the corresponding interest rates. Most of the interest and 
inflation data was obtained from the Economic Report of the President. 
February 1988. The Producer Price Index data came from the Handbook of 
Cyclical Indicators. The Federal-aid Price Index data came from the 1st 
Quarter 1974 and the 3rd Quarter 1987 •Price Trends for Federal-Aid Highway 
Construction.• 

INTEREST RATES 

Table 1 presents six interest rates between 1950 and 1987. They are: 
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YEAR 3 YEAR BANK Aaa Baa HIGH GRADE FEDERAL 
TREASURY PRIME CORP CORP MUNICIPAL FUNDS 
BONDS RATE BONDS BONDS BONDS RATE. 

1950 2.1 2.6 3.2 2.0 
51 2.6 2.9 3.4 2.0 
52 3.0 3.0 3.5 2.2 
53 2.5 3.2 3.2 3.7 2.7 
54 1.6 3 .1 2.9 3.5 2.4 
55 2.5 3.2 3.1 3.5 2.5 1.8 
56 3.2 3.8 3.4 3.9 2.9 2.7 
57 4.0 4.2 3.9 4.7 3.6 3.1 
58 2.8 3.8 3.8 4.7 3.6 1.6 
59 4.5 4.5 4.4 5.1 4.0 3.3 

1960 4.0 4.8 4.4 5.2 3.7 3.2 
61 3.5 4.5 4.4 5.1 3.5 2.0 
62 3.5 4.5 4.3 5.0 3.2 2.7 
63 3.7 4.5 4.3 4.9 3.2 3.2 
64 4.0 4.5 4.4 4.8 3.2 3.5 
65 4.2 4.5 4.5 4.9 3.3 4.1 
66 5.2 5.6 5.1 5.7 3.8 5.1 
67 5.0 5.6 5.5 6.2 4.0 4.2 
68 5.7 6.3 6.2 6.9 4.5 5.7 
69 7.0 8.0 7.0 7.8 5.8 8.2 

1970 7.3 7.9 8.0 9.1 6.5 7.2 
71 5.7 5.7 7.4 8.6 5.7 4.7 
72 5.7 5.3 7.2 8.2 5.3 4.4 
73 7.0 8.0 7.4 8.2 5.2 8.7 
74 7.8 10.8 8.6 9.5 6.1 10.5 
75 7.5 7.9 8.8 10.6 6.9 5.8 
76 6.8 6.8 8.4 9.8 6.5 5.0 
77 6.7 6.8 8.0 9.0 5.6 5.5 
78 8.3 9.1 8.7 9.5 5.9 7.9 
79 9.7 12~7 9.6 10.7 6.4 11.2 

1980 11.6 15.3 11.9 13.7 8.5 13.4 
81 14.4 18.9 14.2 16.0 11.2 16.4 
82 12.9 14.9 13.8 16.l 11.6 12.3 
83 10.5 10.8 12.0 13.6 9.5 9.1 
84 11.9 12.0 12.7 14.2 10.2 10.2 
85 9.6 9.9 11.4 12.7 9.2 8.1 
86 7.1 8.3 9.0 10.4 7.4 6.8 
87 7.7 8.2 9.4 10.6 7.7 6.7 

1950-87 6.4· 7.0 6.8 7.8 5.3 6.3· 
1950-59 3.o· 3.4 3.3 3.9 2.8 2 .s· 
1960-69 4.6 5.3 s.o 5.7 3.8 4.2 
1970-79 7.2 8.1 8.2 9.3 6.0 7.1 
1980-87 10.7 12.3 U.8 13.4 9.4 10.4 

a. Average i• for period of availeble dat•. 

Table 1. Interest Rates (1950 - 1987) 
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Treasury Bonds (3 Years): Securities backed by the taxing power of the US 
Government and exempt from State and local taxes. 

Bank Prime Rate: The rate banks charge their most credit worthy customers for 
short term loans. 

Aaa Corporate Bonds (Moody's): Highest graded bonds. 

Baa Corporate Bonds (Moody's): Lower medium graded bonds. 

High Grade Munic;pal Bonds (SlP): Bonds of states, cities, or counties. They 
are often exempt from federal, state and local taxes. 

Federal Funds Rate: The interest rate on overnight loans between banks. 

These six rates are plotted on Figures 1 and 2. For clarity, only three rates 
are shown on each figure. Although, the individual rates vary, all follow a 
similar pattern. Of the six interest rates, the Baa corporate bond usually 
was the highest. The fairly consistent difference between Baa and Aaa bonds 
is a measure of the higher risk that Baa bonds carry. Treasury and municipal 
bond rates are usually lower than the two corporate bonds or the prime rate, 
again because of their lower risk. Municipal bonds usually have lower rates 
than Treasury bonds, because of their generally tax exempt status. 

Figure 3 is a plot of the high, average, and low value of the six rates for 
each year. In 1950, these rates ranged from 2 to 3.2 percent. They rose at a 
slow rate till about 1965, when the range was from 3.3 to 4.9. Since then, 

ID 

11 o HIGH 

11 
+MEAN 
• LC»/ 

14 

~ 
12 -"' 10 

i I 

• 
" 
2 

o-+-r-1"'-r-,...,.....,-,...,.....,..,...,.....,-'l"""'"T"..,....'l"""'"T"..,...,...,....,....,....,....,...T"""T-r-T"""T-r-T""'T-r-T""'T""'l-'i 
1150 12 54 11 II IO G M • U 70 72 74 71 71 IO 12 M • 

YEARS 

Figure 3. High/Low Range of Six Interest Rates 

2.5.5 

Arch
ive

d



DRAFT 
rates have peaked three times, 1970, 1974 and 1981. In 1981, rates reached 
their highest peak in recent times, ranging from 11.2 to 18.9 percent, and 
averaging 15.2 percent. These rates have dropped since this peak, with a 
range of 6.7 to 10.6 percent and an average value of 8.4 percent in 1987. 

INFLATION RATES 

Table 2 presents inflation rates as measured by the year to year rate of 
change in four indexes. They are: 

Implicit G.N.P. Price Deflator: Index of average price level of all final 
goods and service. Used to convert current-dollar GNP to constant-dollar GNP. 

Composite Index (FHWA): Index composed of six indicator items including 
excavation, pavement surfaces and structural elements. These are reported in 
the •Price Trends for Federal-aid Highway Construction.• 

Consumer Price Index: Measure of the average level of prices over time in a 
fixed market basket of goods and services. 

·Producer Price Index (all connodities): Measures average changes in prices 
received by commodity producers. 

Figure 4 plots the yearly rate of change for three of the inflation indexes 
.from 1950 to 1987, the Implicit G.N.P. Price Deflator, the Consumer Price 
Index, and the Producer Price Index. The three inflation rates show similar 
trends to the interest rate curves. During most of the 19SO's and early 
1960's, inflation rates were low, generally below 4 percent. Inflation 
started to rise during the mid 1960's and into the early 1970's. Major 
increases in inflation occurred in 1973-1974 and during the late 1970's. 
Inflation rates have generally fallen since 1980. The Producer Price Index is 
the most volatile of the three rates on Figure 4, generally having either the 
lowest or the highest yearly rates of change. 

The rate of change in the Composite Index from the •Price Trend for Federal­
aid Highway Construction• is shown on Figure 5. Although, this index tracks 
the other inflation indexes it fluctuates over a much wider range. 

DISCOUNT RATES 

Discount rates were computed from the above data by subtracting the inflation 
rates from the interest rates for each year. Since data was assembled for six 
different interest rates and four inflation rates, there are twenty-four 
possible discount rates that could be considered. To make this effort more 
manageable, only nine discount rates were computed using the following 
combinations of interest and inflation rates: 

Interest Rates 

Treasury Bonds (3 Years) 
Aaa Corporate Bonds 
Municipal Bonds 
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YEAR IMPLICIT COMPOSITE CONSUMER PRODUCER 
. GNP PRICE INDEX · PRICE PRICE INDEX 

DEF LAT OR (FHWA) INDEX COMMODITIES 

1950 2.0 1.0 3.9 
51 4.8 22.8 7.9 11.4 
52 1.5 2.8 2.2 -2.7 
53 1.6 -3.7 0.8 -1.4 
54 1.6 -5.7 0.5 0.2 
55 3.2 -2.8 -0.4 0.2 
56 3.4 13.1 1.5 3.3 
57 3.6 4.4 3.6 2.9 
58 2.1 -2.4 2.7 1.4 
59 2.4 -4.2 0.8 0.2 

60 1.6 -2.3 1.6 0.1 
61 1.0 0.8 1.0 -0.4 
62 2.2 3.8 1.1 0.3 
63 1.6 2.3 1.2 -0.3 
64 1.5 0.8 1.3 -0.2 
65 2.7 3.7 1.7 2.0 
66 3.6 6.5 2.9 3.3 
67 2.6 4.1 2.9 0.2 
68 5.0 3.5 4.2 2.5 
69 5.6 8.2 5.4 3.9 

70 5.5 12.2 5.9 3.7 
71 5.7 4.8 4.3 3~3 
72 4.7 5.1 3.3 4.5 
73 6.5 10.3 6.2 13.l 
74 9.1 36.0 11.0 18.9 
75 9.8 0.4 9.1 9.2 
76 6.4 -3.4 5.8 4.6 
77 6.7 7.1 6.5 6.1 
78 7.3 19.4 7.7 7.8 
79 8.9 19.4 11.3 12.6 

80 9.0 14.3 13.5 14.1 
81 9.7 -3.9 10.4 9.2 
82 6.4 -6.3 6.1 2.0 
83 l.9 -0.2 3.2 
84 3.7 5.8 4.3 
85 3.2 11.0 3.6 
86 2.6 -0.3 1.9 
87 3.0 3.7 

1950-87 4.4 5.2 • 4.3 4.2 • 
1950-59 2.6 2. 7 • 2 .1 . 1.9 
1960-69 2.7 3.1 2.3 1.1 
1970-79 7.1 11.1 7.1 8.4 
1980-87 5.2 2.9 • 5.8 8.4 • 

a. Average fa for per;od of available data. 

Table 2. Yearly Inflation Rates {1950-1987} 

2.5.7 

Arch
ive

d



20 

11 
0 PRODUCER PRICE INDEX 

+ CONSUMER PRICE INDEX 
11 

IMPUCrr G.N.P. DEFtATOR • 
14 

12 

-*' 10 -en I 

i • 
4 

2 

0 

4 

... 
1850 52 54 51 51 IO • .. .. • 1V 12 74 11 11 IO 12 .. • 

YEARS 

Figure 4. Year to Year Rate of Change in Three Inflation Indexes. 

10 

5 

-10 ~--------------------------~ 1850 52 54 58 51 80 12 M 68 61 70 72 74 7' 11 IO 12 14 II 

YEARS 

Figure 5. Year to Year Rate of Change in Composite Index (FHWA) 

2.5.8 

Arch
ive

d



DRAFT 
It is recognized that the discount rates computed from these sets of data may 
not be the most theQretically appropriate for an analysis of pavements. The 
purpose was to determine if discount rates varied over time or if they held 
fairly constant. 

It was expected that the different discount rates would generally follow 
parallel paths over time, but that individual curves would be higher or lower 
based on other factors, such as, risk. The three interest and three inflation 
rates that were used in the analysis were chosen because they were less 
volatile than the other rates. The exception was the Composite Index (FHWA) 
which is highly volatile, but was used in the analysis because of its 
relationship to the highway program. 

The nine discount rates are plotted in Figures 6, 7 and 8. The six curves in 
Figures 6 and 7 followed similar tracks with time. The curves on Figure 8, 
which are based on the Composite Index (FHWA), follow similar paths but with 
highly exaggerated movements. The inflation component of the discount rates 
on Figure 8 completely overpower the effect of the different interest rates. 

Figures 6 and 7 show that the discount rate is not fixed over time. The 
1960's are the only period in recent times where discount rates remained 
fairly constant and relatively low. During the 1970's, discount rates were 
very unsteady due to the surges in inflation that occurred during the middle 
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Figure 6. Discount Rates 
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DRAFT 
and end of the decade. During these inflationary surges, the economy was 
subjected to negative discount rates. During the 1980's, discount rates have 
been unusually high due to relatively low inflation rates and high interest 
rates. 

The long term trend of relatively low discount rates with higher rates more 
recently is further shown in Table 3. From 1953 to 1987, the average value 
for each of the 6 computed discount rates fell in a range from 1.0 percent to 
2.8 percent. However, from 1980 to 1987, they ranged between 3.5 percent and 
6.6 percent. A frequency distribution for each decade from 1950 to 1987 is 
shown on Figure 9. These distributions indicate that during most of this 
period, a low discount rate would be appropriate, on the order of I to 2 
percent. During, the 1980's, a higher rate of about 6 percent would appear to 
be appropriate. However, it is important to note that discount rates have 
generally declined from about 1983-1984. In 1987, the six discount rates fell 
in a range of 4.0 to 6.4 percent and they averaged 4.9 percent. 

Conclusions and Recornnendations 

The question arises as to what is the appropriate discount rate to use in an 
economic analysis of pavements. The following points are offered for use in 
adopting a particular value: 

1. The difference between interest rates and inflation rates does not remain 
constant over time. Therefore, it is not possible to identify a unique 
discount rate which will always be correct. As shown on Figures 6 and 7, 
there were very drastic changes in discount rates during the late 1970's 
and the early 1980's. It is clear that the selection of an appropriate 
rate should not be based on unusual economic conditions which may occur for 
a relatively short period of time. 

2. Over the long run, discount rates have been relatively low, on the order of 
1 to 2 percent. During the early and mid 1980's, these rates have been in 
a range of S to 6 percent. They have been declining from 1983-1984. 

3. Future interest and inflation rates cannot be reliably predicted over a 
long period of time, such as 30 years. Whether discount rates will return 
to their long term range of 1 to 2 percent or whether they will remain 
relatively high is unknown. Conditions in the US economy may lead to 
continued higher discount rates for the near future. 

4. Since we cannot accurately forecast discount rates for long periods of 
time, a conservative approach would be to adopt a value somewhere between 
the high and the low range. A reasonable value might be in the range of 3 
to 5 percent. It is perhaps on this basis that a discount rate of 4 
percent is commonly used in pavement life cycle cost analyses. Such a 
range recognizes that discount rates of 7 or 8 percent have been relatively 
rare in this country and have lasted for only a short period of time. 
Additionally, we have had high discount rates for almost a decade. It is 
probably unrealistic to assume that they will return in the short run to a 
range of 1 to 2 percent. 

s. Once a discount rate has been selected, Agencies may wish to conduct a 

2.5.11 

Arch
ive

d



DRAFT. 

YEAR TREASURIES TREASURIES Aaa BONDS Aaa BONDS MUNICIPALS MUNICIPALS 
MINUS MINUS GNP MINUS MINUS GNP MINUS MINUS GNP 

CPI DEFLATOR CPI DEFLATOR CPI DEFLATOR 

1950 1.6 0.6 1.0 0.0 
51 -5.0 -1.9 -5.9 -2.8 
52 0.8 1.5 0.0 0.7 
53 1.7 0.9 2.4 1.6 1.9 1.1 
54 1.1 o.o 2.4 1.3 1.9 0.8 
55 2.9 -0.7 3.5 -0.l 2.9 -0.7 
56. 1.7 -0.2 1.9 0.0 1.4 -0.5 
57 0.4 0.4 0.3 0.3 0.0 0.0 
58 0.1 0.7 1.1 1.7 0.9 1.5 
59 3.7 2.1 3.6 2.0 3.2 1.6 

60 2.4 2.4 2.8 2.8 2.1 2.1 
61 2.5 2.5 3.4 . 3.4 2.5 2.5 
62 2.4 1.3 3.2 2.1 2.1 1.0 
63 2.5 2.1 3.1 2.7 2.0 1.6 
64 2.7 2.5 3.1 2.9 1.9 1.7 
65 2.5 1.5 2.8 1.8 1.6 0.6 
66 2.3 1.6 2.2 1.5 0.9 0.2 
67 2.1 2.4 2.6 2.9 1.1 1.4 
68 1.5 0.7 2.0 1.2 0.3 ·0.5 
69 1.6 1.4 1.6 1.4 0.4 0.2 

70 1.4 1.8 2.1 2.5 0.6 1.0 
71 1.4 0.0 3.1 1.7 1.4 0.0 
72 2.4 1.0 3.9 2.5 2.0 0.6 
73 0.8 0.5 1.2 0.9 -1.0 -1.3 
74 -3.2 -1.3 ·2.4 -0.5 -4.9 -3.0 
75 -1.6 -2.3 -0.3 -1.0 -2.2 -2.9 
76 1.0 0.4 2.6 2.0 0.7 0.1 
77 0.2 0.0 1.5 1.3 -0.9 -1.1 
78 0.6 1.0 1.0 1.4 -1.8 -1.4 
79 -1.6 0.8 -1. 7. 0.7 -4.9 -2.5 

80 -1.9 2.6 -1.6 2.9 -5.0 -0.5 
81 4.0 4.7 3.8 4.5 0.8 1.5 
82 6.8 6.5 7.7 7.4 s.s 5.2 
83 7.3 6.6 8.8 8.1 6.3 5.6 
84 7.6 8.2 8.4 9.0 5.9 6.5 
85 6.0 6.4 7.8 8.2 5.6 6.0 
86 5.2 4.5 7 .1 6.4 5.5 4.8 
87 4.0 4.7 5.7 6.4 4.0 4.7 

1953-87 2.1 1.8 2.8 2.6 1.2 1.0 
1953-59 1.6 0.4 2.2 1.0 1.7 0.5 
1960-69 2.3 1.8 2.7 2.3 1.5 1.1 
1970-79 0.1 0.2 1.1 1.2 -1.1 -1.1 
1980-87 5.0 5.6 6.0 6.6 3.5 4.1 

Table l. Discount Rates 
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DRAFT 
sensiti.vity analysis by calculating Present Worths or Equivalent Uniform 
Annualized Costs using several discount rates. It gives an indication as 
to how sensitive the outcome of the analysis is to the discount rate. If 
one alternative is favored over a range of discount rates, the agency can 
have confidence that the analysis has truly identified the least cost 
alternative. It is important however to emphasize, that the sensitivity 
analysis should not be used.for changing discount rates on a project by 
project basis. However, they can help in the selection of the particular 
alternative that will be built. 
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Sub1ect 

From 

U.S Departmenf 
of TransportotlOn 

Federat Highway 
Administration 

Resilient Modulus Testing Equipment 

Chief, Pavement Division 

Memorandum 

Washington, D.C. 20590 

Date 

Reply to 
Attn of HH0-12 

To Regional Federal Highway Administrators 

Attached is a surrmary of responses to our November 16, 1987, memorandum on the 
above subject. A listing of manufacturers of resilient modulus testing 
equipment used or proposed for use by State highway agencies (SHA's) is 
included as an attachment to the sumnary. There are currently 24 SHA's that 
are or soon will be performing laboratory resilient modulus testing on unbound 
and/or bound material. Most SHA's are using laboratory resilient modulus for 
research purposes only. The equipment used and the cost of that equipment is 
quite variable as can be seen in the attached sumnary. 

As you are aware, the definitive material property used to characterize roadbed 
soil and to assign 1ayer coefficients (flexible pavements) for pavement design 
in the 11 AASHTO Guide for Design of Pavement Structures" (1986 Guide) is the 
resilient modulus. 

The 1986 Guide recolTlllends that low stiffness materials, such as natural soils, 
unbound granular layers and even stabilized layers and asphalt concrete be 
tested using resilient modulus test method AASHTO T274. Although the testing 
apparatus for each of these types of materials is basically the same, there are 
some differences, such as the need for triaxial confinement for unbound 
materials. 

The 1986 Guide also states that the bound or higher stiffness material such as 
stabilized bases and asphalt concrete may be tested using the repeated-load 
indirect tensile test (ASTM 04123). Appendix F to the 1986 Guide notes that 
ASTM 04123 provides an estimate of the modulus of asphalt concrete and other 
relatively low-strength materials under simulated field-loading conditions. 
The estimate may or may not correlate well with the·resilient modulus .value 
obtained using AASHTO T274. 

The resilient modulus values can be used directly for the design of flexible 
pavements, but must be converted to a modulus of subgrade reaction (k value) 
for design of rigid or composite pavements. 

Some of the manufacturers equipment listed in the attachment does not include 
apparatus needed for triaxial confinement of a specimen. Many States modify 
standard test procedures for reasons of practicality and speed. In order to 
learn more about the advantages and disadvantages of the currently used 
resilient modulus testing equipment, we suggest that SHA's call or write the 
various State contact persons listed in the attached surranary as well as the 
equipment manufacturers. 
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We are currently working with the State of Washington to produce a videotape 
using WSDOT's resilient modulus· testing equipment. The tape will outline the 
AASHTO and ASTM resilient modulus test procedures. It will also include 
WSOOT 1 s test procedures and explain how and why they deviate from the AASHTO 
and ASTM test procedures. We anticipate that the tape will be available for 
distribution later this year. 

As noted earlier, the 1986 Guide uses resilient modulus to characterize soil 
support and to assign asphalt pavement layer coefficients. It further 
stresses, the need for a more rational approach to incorporate material 
engineering properties into the asphalt mixture design process. A number of 
research studies are being conducted by FHWA, NCHRP, and SHRP in this area. We 
will keep you informed as results become available. 

We feel that the information included with this memorandum would be helpful to 
those States contemplating the use of laboratory resilient modulus, as well as 
those States which are currently doing work in this area. Sufficient copies of 
this memorandum and attachments have been provided for distribution to the 
division offices and their appropriate State counterparts. · 

If you have any questions, please contact Messrs. Tom Fudaly at 366-1338 or 
Dan Mathis at 366-1340. 
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SUll4ARY OF RESILIENT 

Primary Brand Purchase 
State Use & Model Date 

* Maine Research Hicks & v;riCent 1987 
IB 

** New Design Retsina, 1987 
Hampshire {Bound mat'l) Mark VI 

New York Design SBEL Co. 1980 

.S EQUIPMENT USAGE BY REGION 

RlbhJrf 1 

Purchase State 
Amount Contact 

$38,000 Warren Foster 

$18,000 Ph;l Mcintyre 

$22,000 David Suits 

Telephone 
Number 

(207) 289-5668 

(603) 271-3151 

(518) 457-4704 

*Maine will soon be performing laboratory resilient modulus testing for research work and eventually hope to 
use laboratory results for design. 

**New Hampshire will soon be performing laboratory resilient modulus testing on bound material for use in design. 

State 

Maryland 

Primary 
Use 

Brand 
& Model 

Research MTS, 410, 
(Bound and 413, 414, 
unbound mat'l} 422, 464 

Pennsylvania Research and Retsina, 
Design (Bound Mark IV 
mat'l) 

* Virginia Research Retsina, 
(Bound mat'l) Mark 11 

West Research and MTS (see 
Virginia Design 

Purchase 
Date 

1983 

1981 

1980 

REGION 3 

Purchase 
Amount 

$100,000 

$10,600 

$5,000 

attachment 1) 

State 
Contact 

Michael Arastek 

Prithus Kandhal 

Bi 11 Maupin 

Berke Thompson 

Telephone 
Number 

( 30 l) 321-3560 

(717) 787-5229 

(804) 293-1948 

(304) 348-3664 

*The Virginia Research Council performs the research work for the Virginia DOT. They are in the process of 
obtainino a Retsina Model Mark VI for approximately $15,000. 
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REGION 4 

Primary Brand Material Purchase Purchase State Telephone 
State Use & Model Tested Date Amount Contact Number 

Florida Research MTS, 312.31 Asphaltic 1975 $50,000 Larry Smith (904) 372-5304 
MTS, 312.21 Concrete or 
(see Soils 1975 $48,000 Gale Page 
attachment 2) 

Georgia Research (See Bound 1975 $10,000 Wi 11 i am Webb (404) 363-7546 
~ 

attachment 3) & 1986 
en 
~ * Kentucky Research Structural Bound 1974 $5,200 David Allen, (606) 257-4513 

Behavior and University 
Engr. Lab. (SBEL) Unbound of Kentucky 
STD-1000 

Miss. Research Retsina, Asphaltic 1980 $10,000 Joe Scheffield (601) 359-1174 
Mark IV Concrete 

* Kentucky Transportation Cabinet to purchase custom-made model from Materials Testing System (MTS} 
Minneapolis, MN, for $119,000 by June 1988. 
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Primary Brand Purchase Purchase 
State Use & Model Date Amount 

I 11 inoi s Research (Built their own device) -------

Michigan 

Minnesota 

State 

* Texas 

Research 
(Bound mat'l) 

Research 

Primary 
Use 

Research 
(Bound mat'l) 

MTS 

MTS 810 

Brand 
& Model 

------

1980 

Purchase 
Date 

Retsina Mark IV 1975 

New Mexico Research Custom made by 1982 
(Bound and University of 
unbound mat'l) Oregon 

-------

$99,500 

REGION 6 

Purchase 
Amount 

$45,000 

State 
Contact 

Jake Dhamrait 

Jack DeFoe 

George Cochran 
or 

Neil Magee 
or 

Dave Rattner 

State 
Contact 

Paul Krugler 

John Tenison 

Telephone 
Number 

(217) 782-7206 

(517} 322-5711 

(612) 296-7134 

(612) 296-7848 

(612) 296-9740 

Telephone 
Number 

( 512) 465-7603 

(505) 827-5565 

* The Bituminous concrete section of DHT Materials and Test Division (0-9) occasionally does resilient modulus 
testing. It is not done routinely and done only when additional information about a mix is needed. Arch
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State 

* Kansas 

State 

Colorado 

Utah 

Primary Brand Purchase Purchase State 
Use & Model Date Amount Contact 

Research and Cox and Sons, Inc. 1984 $57,000 plus Glenn Fager 
Design C5-4000KA $30,000 

accessories 

An additional resilient modulus testing machine has been purchased by KDOT and 
will be received in early 1988. This unit was manufactured by Research 
Engineering and is a component type system. The load frame is Model RE-CLF-
5000 and the Air Electric Loader is Model No. RE-CL-82. This unit is operated 
through an IBM PC-AT processor. The cost of this unit is $36,000.00 with up to 
an additional $5,000.00 in accessories. When this unit is brought on line at 
KDOT, it will be used primarily for the design of pavement structures. The 

Telephone 
Number 

(913) 296-7410 

contact person at KDOT for this unit is Mr. Jeff Frantzen. His telephone number is 
(913) 296-3008. 

REGION 8 

Primary Brand Purchase Purchase State Telephone 
Use & Model Date Amount Contact Number 

Research Retsina Mark III 1974 $6,000 Lex O'Connor {303) 757-9449 
or 

Dick Hines (303) 757-9724 

Design MTS 1972 ------- Wade Betenson ( 801) 965-4303 Arch
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State 
Primary 

Use 

California Research 

Brand 
& Model 

Purchase 
Date 

Retsina, Mark II 1974 

Rt.. , 9 

Purchase 
Amount, 

$5,600 

State 
Contact 

Robert Doty 

Telephone 
Number 

(916) 739-2361 

Nevada - Will soon purchase a device by "Research Engineering" for research purposes. The State 
Contact will be Pat Schoener or Ted Beeston (702) 885-5875. 

REGION 10 

Primary Brand Purchase Purchase State Telephone 
State Use & Model Date Amount Contact Number 

Alaska Research Hicks and Vincent 1987 $45,600 Eric Johnson (907) 338-2121 

Washington Research Hicks and Vincent 1983 $29,000 Newton Jackson {206} 753-7110 
& Design IA 

* Oregon Research Retsina Mark IV 1980 ------- Dick Dominick (503} 388-2621 

* Oregon has recently ordered equipment manufactured by "Research Engineering" at a cost of $33,600. Arch
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d



West Virginia DOH Resilient Modulus Equipment List 

Equipment Manufacturer Model Number Date Cost 
and Type Purchased 

MTS Inc. Material Test 810 Series Dec. 1971 $63,923 
System 

MTS Inc. 22 Kip Load Not Available Late 1983 $3,500 
Frame estimated 

Schaevitz Engineering Co. lOOMHR May 1982 $250 
Linear Variable Range +/-
Differential Transformer 0.100 inch 

Research Engineering Co RE-PRC May 1982 $305 
LVOT Clamps (2 each} each 

Wavetech Inc. 186 Not Known $350 
Function Generator 

Air Compressor (Air compressor set up for entire lab is used) 

Blue M. Inc. OV490-I May 1963 $330 
Construction 
Temperature Oven 

Hobart Manufacturing Co. C-1". -T Oct. 1970 $495 
Mixer 

Hewlett Packard Co. 1702A Late 1974 $6,000 
Oscilloscope 

Research Engineering Co. RE-SA-150 May 1982 $2,920 
Triaxial Chamber 

Mettler Co. Balance PllN Dec. 1977 $1,940 

Soiltest Inc. No number May 1982 $85 
Membrane Expander 

Soiltest Inc. Membranes T-614 Purchased as $60/doz. 
needed 
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Florida DOT Resilient Modulus Equipment List 

System No. 1 - Asphalt Test System 

Consists of the following: 

1. Load frame - 55 Kip (M.T.S.), Model No. 312.31 

2. Activator - 22 Kip (M.T.S.), Model No. 204.63 

3. Hydraulic service manifold - (Series 284) (M.T.S.), Series 284 

4. Load Cell 10 metric ton - (M.T.S.) - Asphalt, Model No. 661.21A-03 

5. Load Cell 1500 O.G.F - (M.T.S.) - Model No. 661.13A-05 

6. Temperature control chamber - (Thermotron Corp.), Model No F-3-Ch-Co2 

7. Split Tension Load Frame - (Custom Made) 

8. Electronic Console (M.T.S.) 

A. 409 Temp. Control panel 
B. 430 digital indicator panel 
C. 417 counter panel 
D. 410 digital function generator 
E. 442 controller arranged with following modules: 

(a) Serve Control - Model 440.13 
(b) Valve Driver - Model 440.14A 
(c) Feed Back selector ·.;. Model 440.31 
(d) Limit detector - 440.41 
(e) A.C. conditioner - Model 440.22 
(f) o.c. conditioner - Model 440.21 

F. 410 pulse sequence panel 
G. 413 Master control panel 

9. Gould Brush Recorder - Model -1111-1707-120, consists of the 
following modules: 

A. o.c. Amplifiers - Model 13-4215-32 (2 each) 
B. Transducer - Model 13-4218-00 
C. Carrier Amplifier - Model 13-4212-02 

Date of Purchase - 1975 
Cost - $50,000 
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Equipment List 

System No. 2 - Soils Test System 

Consists of the following: 

l. Load frame - 22 Kip (M.T.S.), Model No. 312.21 

2. Actuator - 3.3 Kip (M.T.S.), Model No. 204.51 

3. Hydraulic service manifold (series 284) (M.T.S.), Series 284 

4. Load cell - 500 K.G.F. {M.T.S.) {w/protector), Model No. 3170 

5. Triaxile chamber - (Wykeham-Farrance Eng.), Model No. 11006 

6. Electronic console (M.T.S.) 

A. 417 counter panel 
B. 410 digital function generator 
C. 442 CONTROLLER - (arrangement is same as system No. 1) 
o. 410 pluse sequence panel 
E. 413 Master Control panel 

7. Gould Brush Recorder - arrangement same as system no. 1 
- Model No. -1111-1707-120 

Date of Purchase - 1975 
Cost - $48,000 

3000 psi capacity 
21 gpm 
Model No. 510.218 

Date of Purchase - 1985 
Cost - $14,300 

Hydraulic Power Supply (MTS) 

Note: This Hydraulic Power Supply is capable of supplying both the 
Asphalt and Soil Test systems with 3000 psi 

2.6.10 

Arch
ive

d



GEORGIA DOT RESILIENT MODULUS EQUIPMENT LIST 

Part 

2 Tri axial Ce 11 s 

1 Load Frame for 2 Samples 

1 Strip Recorder {Brush 2 Channel) 

4 Pressure Regulators (Model #40-100} 

4 Pressure Gauges 

4 LVDT's (Transducers Model #SS-203} 

2 Belloframs (Size 4} 

2 Mufflers 

2 Recycling Timers (Model #CX400} 

4 Revolution Counters 

2 24 Volt Power Supplies 

Miscellaneous Plumbing and Electrical 
Materials 

2.6.11 

Manufacturer 

Soil test 

GA DOT - Office of Materials 
and Research Machine shop 

Gould Instruments 

Moore Products Company 

G. L. Collins 

Bellofram Products Company 

Eagle Signal Controls 

GA DOT - Research 
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Resilient Modulus Equipment Manufacturers 

The following is an alphabetical listing of manufacturers of resilient 
modulus testing equipment that is currently used or proposed for use by 
the SHA's: 

Cox and Sons, Inc. 
P.O. Box 674 
Colfax, California 95713 
Phone: (916) 346-8322 

Material Testing System (MTS) 
P.O. Box 24012 
Minneapolis, Minnesota 55424 
Phone: {612) 937-4000 

Retsina Company 
601 Brush Street 
Oakland, California 94607 
Phone: (415) 268-0821 

2.6.12 

Hicks & Vincent {H&V) 
Material R and 0 

3187 NW Seneca Place 
Corvallis, Oregon 97330 
Phone: (503) 757-1293 

Research Engineering 
2640 Dundee Road 
San Pablo, California 94806 
Phone: (415) 223-4798 

Structural Behavior Engineering 
Laboratories, Inc. (SBEL) 
P.O. Box 23167 
Phoenix, Arizona 85063 
Phone: (602) 272-0274 

Arch
ive

d



LONGITUDINAL JOINT CONSTRUCTION AND EDGE 
DROP-OFFS 

STATE-OF-THE-PRACTICE 

by 

Steve A. Call 

Highway Engineer Trainee 

FHWA 

Pavement Division 

Marchl989 

2.7.1 

Arch
ive

d



INTRODUCTION 

In January of 1987 a questionnaire dealing with longitudinal joint 
construction with asphalt pavements was sent out to all State highway agencies 
by the Transportation Research Board Committee on Flexible Pavement 
Construction. Forty-five agencies responded to the survey. The questionnaire 
asked if step-offs (drop-offs) were routinely permitted overnight or longer, 
before placement of the adjacent mat, on either new construction or on 
resurfacing projects. Questions followed concerning conditions under which 
drop-offs were allowed, joint construction techniques, and alternate 
procedures used. A compilation of the respons~s to the questionnaire was made 
in May of 1988 by C.S. Hughes. It included his conclusions and 
recorrmendations (see appendix). 

Since this questionnaire was sent out there has been much interest and 
activity in the area of longitudinal joint construction. In addition, many 
State highway agencies have been encouraged to, and are trying to, develop 
pavement edge drop-off policies. This paper is an attempt to update and add 
to the information gathered in the 1987 survey, in order to provide a 11 state­
of-the-practice11 report. 

As was indicated by tne results of the 1987 survey, longitudinal joint 
construction practices vary from State to State. It is not the intent of this 
paper to evaluate the various construction practices of the States, but rather 
to provide information on what different States and regions are doing to 
mitigate the hazards created by edge drop-offs. To set the stage for this 
information, a literature review is given detailing the results of the most 
recent studies concerning the safety aspects of drop-offs. 
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LITERATURE REVIEW OF SAFETY RELATED ASPECTS OF PAVEMENT EDGE DROP-OFFS 

An edge drop-off occurs when there is a vertical difference in height 
between adjacent road surfaces. Drop-offs may occur as a result of paving or 
resurfacing operations, or milling or other types of excavation work. They 
also ~ay occur as the result of the deterioration of an adjacent surface. The 
hazard results when a driver of a vehicle crosses over the drop-off, dropping 
his wheel(s) down onto the lower surface, and then tries to steer back up onto 
the higher surface. An overcorrection may result in loss of vehicle control, 
while a gradual correction may result in the phenomena known as "scrubbing.'' 
Scrubbing occurs when the steering angle is insufficient to overcome the 
opposing force of the face of the drop-off, hence, "scrubbing" of the side of 
the tire occurs along the drop-off face. Once sufficient steering angle is 
imparted, the wheels mount the pavement edge and, in the absence of an 
opposing force, the vehicle has a sudden change of direction, often times 
causing lane exceedance or loss of control. As the height of the drop-off 
increases, so does the severity of the situation. For this reason engineers 
have tried to determine the height of drop-offs at which mitigating action 
needs to be initiated. 

Current literature cites four major studies that have been conducted by 
various agencies since 1976 pertaining to vehicle responses to an edge climb 
maneuver. These studies, in chronological order, are: 

The Effect of Longitudinal Edge of Paved Surface Drop-off on 
Vehicle Stability, E. Nordlin, o. Parks, R. Stoughton, and J. Stoker, 
California Department of Transportation, 1976. 

Vehicle Controllability in a Pavement/Shoulder Edge Climb Maneuver, 
R. Klein, W. Johnson, and H. Szostak, Society of Automobile Engineers 
Technical Paper Series, 1978. 

Pavement Edges and Vehicle Stability- A Basis For Maintenance 
Guidelines, Don Ivey and Richard Zirrmer, Texas Transportation 
Institute, 1982. 

Pavement Edge Drop, Paul Olson, Richard Zirrmer, and Val 
Pezoldt, University of Michigan Transportation Research Institute, 1986. 

This paper will summarize both the test procedures and the findings of 
these four studies. It is important to note that testing procedures differed 
in the four studies because each of the studies had different goals. As the 
pool of knowledge grew, the procedures also evolved somewhat. It is 
recognized now that when a vehicle drives over a drop-off, through 
inattention, recovery from a scrubbing condition is the most difficult form of 
recovery and therefore should ulti~ately be the determining factor in the 
conclusions. 
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In Nordlin's study 50 tests were conducted using professional drivers in 
four different vehicle types: small, medium, and large passenger cars, and a 
fu11-sized pickup truck. Three different drop-off heights were used- 1.5, 
3.5, and 4.5 inches. Vehicles were driven from an A.C. shoulder onto either 
an A.C. or soil surface, and returned to the A.C. shoulder at speeds of 60 mph 
and at angles of less than 10 degrees. In these tests either two or four 
wheels were dropped off the shoulder and then returned. This study did not 
examine the pavement edge scrubbing condition and used only vertical drop­
offs. In addition the combined width of the lane and shoulder was 17 feet, 
allowing ~ore room for recovery. 

Nordlin found that although experiencing a "significant jolt and 
accompanying front end noises" at the larger drop-off heights, there was no 
real problem with vehicle stability, no deviation in vehicle trajectory, and 
no encroachment into adjacent lanes. Less than one wheel revolution was 
required for the first wheel to mount the various drop-off heights. 

In Klein's study three different size passenger cars were used in closed 
loop tests. The car's two right wheels ~ere gradually dropped 4.5 inches onto 
an earth shoulder. Pylons were used to keep the wheels close to the pavement 
edge increasing the chance for scrubbing. Klein tested only vertical edge 
drops in his study. The drivers were told to drive at constant speeds, 
increasing from 25 to 55 mph in 5 mph increments on successive runs. Twenty­
two naive (non-professional) subjects were used on 73 runs. On 34 runs the 
tires did not scrub, but on the other 39 they did. On the non-scrubbing runs 
there were no lane exceedances, but over half (22 of 39) of the scrubbing runs 
resulted in lane exceedances. Klein found that a correlation existed between 
vehicle speed and lane exceedance. Each vehicle had a critical speed at which 
recovery from shoulder climbs became difficult (83% failure). In the two 
smaller cars the critical speeds were 30 and 32 mph. In the larger car the 
critical speed was 42 mph. · 

In the open looped test Klein used four test vehicles and drop-off 
heights ranging from 2 to 4.5 inches. Once again the most hazardous results 
occurred during scrubbing. Whether or not a vehicle was able to climb a drop­
off was a function of closing velocity. On a graph of closing velocity (the 
component of velocity perpendicular to the pavement edge) verses drop-off 
height, it was shown that, at a height of about 4 inches, c1osing velocity 
needed to climb the pavement edge increased sharply. For this reason 4 inches 
was suggested as a maximum drop-off ~eight. Five inches was determined to be 
the maximu~ height that could be climbed due to the undercarriage 
characteristics of vehicles and side forces on the wheel. 
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Don Ivey 1 s study built upon the preceding two studies by Nordlin and 
Klein. He used drop-off heights of 1.5, 3, ~nd 4.5 inches with various edge 
shapes including a 45 degree taper and a vertical edge. He used, as 
previously, three passenger cars and a pickup for test vehicles. Different 
types of drivers were used ranging from professional to naive, however only 
the professional driver drove the complete matrix of tests. Test speeds of 
35, 45, 55 mph were driven with three different vehicle positions: scrubbing, 
two wheels off the pavement, and four wheels off the pavement. Ivey used a 
subjective rating system which had the driver rate the difficulty of the edge 
climb maneuver, .however only the professional driver was used to rate the 
various climbing maneuvers since he was the only one to drive the complete 
matrix of tests. 

Ivey found that the professional driver handled all the variations 
easily except for the 4.5 inch edge drop, on the vertical edge, in the 
scrubbing condition. It was therefore concluded that the 4.5 inch edge drop 
was unsafe at speeds as low as 35 mph. The 45 degree angle was safe, even at 
a 6-inch drop, at speeds up to 55 mph. 1elocity, drop-off shape, and 
proximity to the edge were the factors with the greatest influence on safety. 

Paul Olson's study used most of the same variables that the former 
studies used (i.e. vehicle type, velocity, edge shape, shoulder type, and edge 
drop heights). His investigation, however, was 11 primarily concerned with 
evaluating the performance of ordinary (~aive) drivers on their first 
encounter with the edge drop''. He also examined 11 subject learning 11 and found 
that its effects were minimal. The criteria he used to determine the safety 
of each maneuver was lane exceedance beyond a 12.5-foot lane with the drop at 
the edge of the lane. 

. . 

Olson found that 4.5-inch vertical drops could not be negotiated by the 
naive subjects safely at speeds as low as 20 mph. The 3 inch vertical drop 
could be negotiated at speeds of between 20 and 25 mph in smaller cars and 30 
mph in the largest passenger car. No safe maximum height was defined for 
speeds greater than 25 mph. Using the 45 degree bevel edge, virtually all 
runs at heights up to 4.5 inches were r1ade without intruding beyond the lane 
adjacent to the edge drop at speeds up to 55 mph. The beveled edge was a 
suggested treatment at higher speeds. Finally, he concluded that height, not 
shoulder material, was the controlling factor, and that small cars had more 
difficulty than large cars. The results of Olson's study suggest that the 
recommendations of other studies are not adequate for high speed facilities, 
if the determining factor is recovering from a scrubbing condition. Maximu~ 
vertical heights of edge drops on these facilities should be less than 3 
inches, although how much less has not been determined. Future studies should 
address this issue. 

2.7.5 

Arch
ive

d



PAVEMENT EDGE DROP-OFF POLICY- STATE OF THE PRACTICE 

In the memorandum issued December 1, 1986, from the FHWA Construction 
and Maintenance Division, it states that drop-offs 11 greater than 2 inches, 
left ~vernight, and immediately adjacent to traffic, have high accident 
potential. 11 The C&M Division recorrmended corrective action or a combination 
of actions for drop-offs greater than 2 inches (see appendix). The memorandum 
"strongly encouraged" the regions to work with the states in developing 
pavement drop-off policies. 

The following figure illustrates the "state-of-the-practice" in the 
United States in regards to the 2-inch drop-off level. The figure divides the 
States into three groups. The first group consists of those States that have 
formal drop-off policies that allow a 2-inch or less maximum drop-off in work 
zones exposed to traffic overnight or require a taper for drop-offs exceeding 
2 inches. The second group consists of those States that have not formulated 
a formal policy, but their general practic~ meets the reQuirements of the 
first group. The third group consists of those States that have a policy 
allowing greater than 2 inches, or have no policy at all. 

This information was obtained frorn surveys conducted by TRB and various 
regions, and supplemented by informati~n obtained from telephone conversations 
with regional and division personnel. It is noteworthy that in some cases 
where there was more than one source available, there was a lack of agreement 
as to policy or practice. In these cas~s, preference was given to sources 
citing State Specifications or Codes. 

A more detailed surrmary of each State's position concerning drop-offs 
follows. The States are organized according to FHWA regions so as to show 
patterns on a regional basis. While the information is not detailed, in some 
cases, each State is represented and th~ summary takes advantage of as many 
sources as possible, given the time constraints imposed. 
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REGION 1 

With a few exceptions, the States in Region 1 do not have formal 
pavement drop-off policies. 

In the State of Connecticut edge drop-offs are not considered to be a 
problem. For the most part traffic is kept off the joint area, using the rest 
of the roadway. With multiple lifts, the pavement in adjacent lanes is :natched 
before beginning the next lift. 

The State of Maine uses channelizing devices spaced every 50 feet when 
the drop-off exceeds 3 inches in vertical height. On a resurfacing project 
creating drop-offs of less than 3 inches, channelizing devices are placed 2 
feet outside of the edge of the pavement at 600 foot intervals with the MUTCD, 
WB-9 "low shoulder" signs every 1/2 mile. When the drop-off is greater than 3 
inches, 4 feet of shoulder material is required to be placed with channelizing 
devices placed as stated before. The speed limit on such projects is set at 
45 mph. 

Massachusetts has elected not to adopt a drop-off policy because "in 
some instances such a policy would create more problems than it would solve. 11 

Instead it was decided that each traffic control plan should place special 
attention to drop-offs in work areas and individual needs should be carefully 
evaluated. 

The State of New Hampshire has no specific height requirements, but 
specifications state that open excavations shall not be exposed overnight, on 
weekends, or on holidays. No guidelines for resurfacing projects were given, 
but the State feels that they have few drop-off situations because of their 
specifications, and attention given by project personnel. 

flew Jersey has the strictest policy in the Region, requiring a gravel 
wedge at a slope of 6:1 when adjacent excavation is greater than 2 inches. On 
resurfacing, adjacent lanes of pave1nent are matched every 1500 feet. Lift 
thicknesses are 2 inches. They also use a longitudinal wedge joint design. 
Appropriate signing and a double yellow line is required on their resurfacing 
projects to keep traffic off the joint. 

The State of Rew York has not adopted a formal drop-off policy. The 
State r~lies on a section in its Standard Specifications. It was requested 
that NYSDOT develop a special specification dealing with drop-offs. This 
issue is still unresolved at this time. 

Rhode Island has not developed a formal policy because they did not feel 
that drop-offs were a problem. It is general practice, with drop-offs greater 
than 4 inches, to require either a 4:1 transition slope or a median barrier. 

Vennont does not have a specific policy on drop-offs, but does require 
the pave1nent to be matched in adjacent lanes by the end of the day. This 
issue was to be discussed prior to the start of the 1988 construction season. 
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In Puerto Rico the standard specifications state that pavement repairs 
and construction on both bitu~inous and PCC pavements will be initiated and 
completed during the same working day. This eliminates unnecessary drop-offs 
along and adjacent to travel lanes. Where isolated or continous excavation is 
expected as part of the construction project, appropriate channellizing 
devices are specified. No height specification for drop-off are giv~n. 

(The information for this summary was obtained from a survey conducted by TRB 
and a survey taken by FHWA Region 1.) 
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REGION 3 

The State of Delaware has no height specifications for drop-offs on 
milling type projects, however, they said that drop-offs of 3 or more inches 
do occur. On resurfacing projects, drop-offs of 1 inch or more requir~ 
signing. Drop-offs of between 2 to 6 inches require cones or vertical panels 
and are tolerated for the length of one days paving operation. Drop-offs of 
greater than 6 inches require concrete barriers when within 10 feet of the 
traveled way and require barricades when outside of 10 feet. 

Maryland requires pavement in adjacent lanes to be matched by the end of 
the working day when vertical drop-offs exceed 2 inches. When drop-offs are 
less than 2 inches pavement must be matched within 24 hours. Reduced speed 
limits are enforced within construction work zones. They said that nothing 
was mentioned in their specifications for excavation work. 

In Pennsylvan;a longitudinal edge drop-offs are generally limited to 25 
feet in length at the end of each d~ys work, and a maximum of 2 inches in 
height. This does vary from district to district. 

Virginia requires that pavement having drop-offs greater than 2 inches, 
have lanes of adjacent pavement matching by the ~nd of a days operation. 
Appropriate signing is required when drop-offs occur. 

West Virg;nia generally sets 2 inches as the maximum drop-off allowed 
although it has no formal policy. They generally do not prevent traffic from 
crossing the longitudinal joint. 

(The information for this summary was obtained from a questionnaire sent out 
by TRB and from specifications from the States of Virginia and West Virginia.) 
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REGION 4 

Although not all the States in Region 4 have adopted a formal policy 
mitigating pavement drop-offs, they, at least in general practice, have strict 
lirnits. 

Alabama generally does not permit drop-offs of more than 2 inches to 
exist overnight. lf they occur a temporary 1 :1 longitudinal taper joint is 
required and is later removed when paving resumes. 

Florida sets a maximum height of 1.5 inches for drop-offs that traffic 
is expected to cross. This may be increased to 2 inches for low speed 
situations. Where traffic is not expected to cross, less than 2 inch drop­
offs require warning signs only. Drop-offs between 2 to 4 inches require 
drums, panels, or barricades. With drop-offs greater than 4 inches either 
positive separation or a 3:1 wedge is required. For temporary conditions, 
drop-offs greater than 4 inches may be protected by drums, panels, or 
barricades for short distances, during daylight, while work is being 
performed. 

The State of Georgia requires pavement on the Interstate system to be 
matched in adjacent lanes by the end of the next day. They set 2 inches as 
the maximum height allowable for drop-offs exposed to traffic. They also 
reQuire appropriate signing where drop-offs occur. 

Although Kentucky does not have a formal policy concerning drop-offs, 
they said that projects with drop-offs are generally closed to traffic. 

Mississippi generally allows drop-offs of up to 2 inches without 
protective devices and requires protective devices at drop-offs greater than 2 
inches. ·· 

North Carolina has set 2 inches as the maximum drop-off height allowed. 
All paving projects in the State must have adjacent lanes of pavement matched 
within 24 hours. Use of the W8-9a sign is required when traffic is exposed to 
drop-offs. 

South Carolina sets 1.5 inches as the maximum drop-off height they will 
allow on resurfacing projects. They also require warning signs. 

Tennessee does not allow night traffic on projects where drop-offs 
occur. Pavement must be matched in adjacent lanes within 24 hours. Warning 
lights and barrels are required when the drop-off exceeds 2.5 inches. 

(Information for this sulllt\ary was obtained from a survey conducted by TRB and 
information provided by Region 4.) 
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REGION 5 

A survey of the States in Region 5 was conducted in 1987 and was 
confirmed by telephone conversation in February of 1989. 

Standard Specifications in Illinois require that drop-offs of 3 or more 
inches at the edge of the pavement be protected by type I or II barricades at 
100-foot intervals when they were greater than 4 miles in length. This 
applies to both resurfacing and excavation and milling type projects. The 
pavement in adjacent lanes is required to be matched before the next lift is 
placed, and within 24 hours. Appropriate signin~ is required and no open 
trenches greater than 3 inches are allowed to exist overnight. 

Indiana requires, on resurfacing projects only, that barricades be 
placed where drop-offs exceed 2 inches adjacent to the pavement. Up to 3-inch 
drop-offs are permitted outside the shoulder. These specifications are 
contained in the Contract Special Provisions. All other situations are 
covered in the Traffic Control Plan. Deep excavations at the edge of the 
pavement require temporary concrete barriers to separate them from the 
traveled way. 

The State of Michigan does not have a formal policy, but has 
specifications that state that low shoulders be delineated and that hazards be 
removed as soon as possible. Pavement in adjacent lanes must be matched by 
the end of the day or else warning signs must be provided and barricades 
placed every 100 feet to delineate the traveled way. They frequently make use 
of a longitudinal taper joint when drop-offs are expected to be under traffic. 

The State of Minnesota, likewise, does not have a formal pavement drop­
off policy, but as a general practice allows drop-offs under 2 inches to be 
left untreated unless the drop-off occurs between lanes, then warning signs 
are required. Drop-offs between 2 and 4-6 inches {varies between districts) 
are signed as low shoulders and •ay be delineated with channelizing devices. 
Drop-offs over 4-6 inches are signed and delineated with channelizing devices. 
In most cases adjacent lanes of pavement must be matching by the end of the 
day. Excessive drop-offs require the use of concrete barriers. 

Ohio has no official drop-off policy, however, drop-offs are considered 
and discussed during the development of the traffic control plan. Their 
specifications allow for a maximum 2~inch drop-off and require pavement in 
adjacent lanes to be matched within 24 hours after placement. Open trenches 
are protected by barrels. Ohio has utilized, on many occasions, all the 
techniques discussed in the 1986 memo from the C&M Division. 

The State of Wisconsin does not have a drop-off policy, but as a general 
rule, uses the provisions in the MUTCO. These are included in the contract 
pl an. 

(The infor·nation in this summary was obtained from surveys conducted by TRS 
and Region 5.) 
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REGION 6 

The States in Region 6 follow no definite pattern when it comes to 
mitigating drop-offs in work zones. 

The State of Arkansas allows a maximum drop-off of 3 inches on the 
centerline pavement edge and 4 inches maximum at the edge of the shoulder. 
When resurfacing lifts are less than 1 inch no treatment is necessary. 
Between l and 3 inches, at the centerline, an uneven lane sign (WSP-1) is 
required. At the shoulder edge, a drop-off of between 1 and 4 inches requires 
that a drop-off sign (WSP-2) be used. Adjacent lanes must be matched within 
24 hours unless an emergency arises. 

Although there is no formal policy in Louisiana, as a general rule, 
drop-offs of less than 2 inches are allowed to exist without any treatments 
while drop-offs of greater than 2 inches require matching lanes of pavement by 
the end of the day. They are currently looking at a policy patterned after 
one being developed by the State of Oklahoma. 

The State of New Mexico requires a 6:1 taper on the edges of lifts 
greater than 1.5 inches in vertical height. At heights greater than 3 inches 
they require panels or barrels in addition to the taper. Adjacent lanes of 
pavement are usually matched within 24 hours. 

Oklahoma, at present, has no drop-off policy in construction work zones. 
The State is currently developing a policy based on the state-of-the-practice 
in other States. 

Because of the size of the State and the decentralized nature of the 
State DOT, Texas does not have one single pavement drop-off policy. Each 
district sets their own standards which they will follow, so practices vary 
throughout the State. Some districts are making use of the longitudinal taper 
joint. 

(The information in this sumnary was obtained from a survey conducted by TRB 
and telephone conversations with each FHWA Division Office's Pavement 
Specialist.} 
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REGION 7 

In a memorandum dated May 13, 1988, Region 7 strongly encouraged States 
in that Region to develop policies, mitigating pavement edge drop-offs, 
conforming to the following guidelines: 

l} For "vertical drop-offs of l to 2 inches in height ••. 
consideration should be given to providing appropriate signing and 
delineation, and limiting drop-off length and time of exposure." 

2) Drop-offs from 2 to 4 inches should have a slope of 1:1 or 
flatter with appropriate warning signs and delineation. 

3) Drop-offs over 4 inches should have a 3:1 or flatter drop-off slope 
and obstruction free area or positive separation. 

4) A pavement edge that traffic is expected to cross should not have an 
effective height greater than l inch. Greater heights (up to 3 
inches) should be treated with a wedge slope of no steeper than 3:1. 
The TCP's should provide for a reduced speed limit of 35 mph. 

The Region further stated that each situation should be thoroughly and 
individually analyzed, taking into account cross section features, traffic 
volume and mix, speed, and practicality and feasibility of the treatment 
options. , 

The four States in this Region, Iowa, Kansas, Missouri, and Nebraska 
have essentially complied with the guidelines recommended by the Region. The 
State of Kansas has proposed that all lifts have a 1:1 wedge and uses 
channelizing devices at spacings equal to twice the speed limit. The State of 
Missouri allows a 2-inch height differential (their maximum lift thickness is 
1 3/4} before they require any kind of treatment on both traversable and non­
traversable sections. 

(The information for this sunrnary was obtained from a survey conducted by TRB 
and a survey conducted by Region 7.) 
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REGION 8 

Most of the States in Region 8 have developed a formal policy mitigating 
edge drop-offs. 

The State of Colorado allows a 1 inch, untreated, maximum drop-off 
height. Any drop-off exceeding 1 inch, and exposed to traffic, must use a 3:1 
slope joint at the longitudinal edge. They also require appropriate signing 
throughout projects where drop-offs occur. 

In the State of Montana all longitudinal joints greater than 3/4 of an 
inch in height must have a 5:1 tapered longitudinal joint. 

In North Dakota, although there is no policy, drop-offs are generally 
limited to 1.5 inches in height and pavement in adjacent lanes must be matched 
within 24 hours. 

The State of South Dakota has a policy limiting the height of drop-offs 
to 2 inches and requiring adjacent lanes of pavement to be matched within 24 
hours. On multi-lane highways traffic is kept off the joint entirely. 
Appropriate signing is required where ever drop-offs occur. 

Although Utah allows up to 4-inch drop-offs, pavement in adjacent lanes 
must be matched by the end of the day so that no drop-off is left exposed 
overnight. A sloped 3:1 wedge at the longitudinal joint is sometimes used. 

In the State of W.yoming any pavi~g operation that creates a drop-off of 
more than 1 inch shall have pavement in adjacent lanes be matching by the end 
of the day. In situations where this is not possible a 3:1 longitudinal 
sloped joint is used. 

(The information for this sunrnary ·iNas obtained from a survey conducted by TRB 
and from Wyoming State specifications.) 
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REGION 9 

No State in Region 9 has developed a formal policy mitigating the hazard 
of pavement drop-off. 

The State of Arizona uses a 4:1 wedge joint at the longitudinal pavement 
edge between adjacent lifts. A study performed by Arizona DOT has shown that 
superior compaction is obtained at the joint with this technique. They use 
warning signs when the vertical difference between lanes is between 1 to 3 
inches and cones, drums, or barricades when the difference is greater than 3 
inches. 

California is currently working on a drop-off policy for their State. 
As a general practice they allow a maximu~ drop-off of .15 feet (1.8 inches) 
between lifts. They require appropriate signing where drop-offs exist. 

Although they do not have a for~al policy, the State of Hawaii generally 
does not allow drop-offs to exist overnight by requiring the full travel way 
to be paved daily. There is usually no ~are than a 3 inch height difference 
between lifts. The longitudinal sloped joint is sometimes used at the 
discretion of the engineer. 

The State of Nevada has no forrnal policy concerning maximum allowable 
drop-off height. The length of an exposed drop-off can not extend beyond the 
length of 1 days paving. Appropriate signing is required on projects where 
drop-offs exist. 

(Information for this sunmary was obtained from a survey conducted by TRB and 
from Region 9 Pavement Specialist.) 

2.7.16 

Arch
ive

d



REGION 10 

The States in Region 10 treat edge drop-offs differently. 

Alaska at present has no formal policy dealing with drop-offs, however 
they are currently working on one. As a general practice they allow drop-offs 
to exist for one day's paving operation and a11ow for a maximum drop-off 
height of 2 inches. 

The State of Idaho has no forrna1 policy concerning edge drop-off 
heights. Drop-offs are handled on a job-by-job basis at the discretion of the 
engineer. They do require appropriate signing where drop-offs exist. On 
resurfacing projects the lifts are generally 3 inches thick. In the past 
Idaho has used the sloped longitudinal joint, but it is not now included in 
the specifications. 

In Oregon if the drop-off height is greater than 2 inches then the 
pavement in adjacent lanes must be matched by the end of the day or a 10:1 
sloped wedge must be used at the longitudinal joint. The joint is then cut 
back to a vertical face when paving resumes. If the drop-off is between 1 and 
2 inches in height then adjacent lanes of pavement must be matched within 24 
hours. 

In Washington the general practice is to have drop-offs not exceed .20 
feet (2.4 inches) in height where exposed to traffic. When drop-offs exceed 
this height channe1izing devices are required. The State requires pavement 
in adjacent lanes to be matched within 24 hours. They also require 
appropriate signing where exposed drop-offs exist. 

(The information for this sun1T1ary was obtained from a survey conducted by TRB 
and information collected by Region 10.) 
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COllCLUSIOI 

In general, the various State highway agencies have attempted to set 
some limits in height and length for drop-offs on resurfacing projects. 
Recently these limits have come in the way of formal policies issued by the 
State. Forty percent of the States have developed formal policies at this 
point in time, with several more currently working on such policies. In 
nearly all cases, these policies conform with the suggestions in the 
memorandum issued by the Construction and :-1aintenance Division in December of 
1986. While these policy statements .nostly refer to resurfacing projects, it 
is felt that the 2-inch criteria could be used as a standard for milling and 
excavation type projects and even as a criteria for maintenance. 
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LONGITUDINAL JOINT CONSTRUCTION METHODS 

The original intent of the TRB questionnaire sent out to State agencies 
in 1987, was to determine the state of the practice with longitudinal joint 
construction with flexible pavements. One practice that is growing in 
popularity is the use of a longitudinal wedge joint between adjacent lifts of 
asphalt. Several States already use a tapered edge when a longitudinal edge 
is exposed to traffic (see figure 2). Studies have demonstrated {see 
literature review) the safety benefits from the use of such a treatment. In 
many cases before the adjacent lane is placed, the wedge is cut back to a 
vertical edge for the joint between lifts. Recently some state highway 
agencies, namely Arizona and New Jersey, have experimented with the use of the 
tapered edge as the joint itself as opposed to the more common vertical butt 
joint. In the research which has been performed, both States claim to get a 
superior joint with the tapered edge, or "wedge edge." Higher and more 
uniform densities have been consistently obtained in the area of the joint 
which is believed will result in a longer pavement life. The tapered joint is 
expected to yield improved rideability because fewer transverse joints would 
be required in the pavement. This is because the pavers would not be required 
to be pulled back at specified lengths for the paving of adjacent lanes, in 
order to maintain matching pavement requirements normally associated with the 
use of vertical butt joints. 

The State of Arizona originally used a 6:1 sloped wedge, but this has 
changed to a 4:1 wedge. It is formed by a sloping shoe attached to the paver 
in order to form the joint. The face of the wedge joint is compacted with a 
pneumatic tired roller, and then the adjacent lane is paved to finish the 
joint. The state of New Jersey uses a steel plate attached to the paver 
for~ing a wedge of 3:1 slope. The joint face is not compacted, but it is 
heated with an infrared heater immediately preceding the placement of the 
adjacent lift, for better bonding. For more information, the reader is 
encouraged to contact the previously mentioned State highway agencies. 

From the research which has been performed to date in this area, the 
"wedge edge" appears to be a viable solution to the drop-off problem on paving 
and resurfacing type projects. Instead of creating problems with joint 
construction it has been shown to yield many desirable benefits. 
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US Deoonment 
~ Trcnsporrcnon 
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Sul:l1ec1 Guidelines for Mitigating Pavement Oropoffs 
in Construction and Maintenance Work Zones 

From Chief, Construction and Maintenance Division 
Office of Highway Operations 

To Regional Federal Highway Administrators 
Regions 1·10 
Direct Federal Progrcrn Administrator 

Memoranaum 

Washington, O. C. 20590 

0111 DEC I 1986 

!lleo1y to 
Attn of HH0·31 

One of the problems noted during our 1986 construction reviews and work 
zone safety reviews involves pavement dropoffs adjacent to construction and 
maintenance activities. These dropoffs include those created by pavement or 
bridge deck removal work, shoulder excavations, and the placement of new 
layers of pavement. When not properly addressed, dropoffs may lead to an. 
errant vehicle losing control resulting in property danage, injury, and 
possibly death. It was found that many States do not have any policy or 
guidelines addressing this hazardous situation. With the growing nll!lber 
of 3R/4R projects, there is potential for dropoff incidents to increase 
significantly. 

To address this concern, information has been compiled and used to develop 
steps to mitigate potentially hazardous dropoffs. These suggested procedures 
are based on findings frcxn recent research, current policies and gu;delines 
fran a n1JT1ber of States, and consideration of construction operations. The 
information presented here is not intended in any way to represent policy or 
to serve as a directive of the FKWA, nor does 1t represent or prcmulgate iffy 
new standard. Instead, this information is to provide guidelines to States 
in the development of their Owt,1 dropoff policy. 

Any dropoff is considered hazardous, but those greater than 2 inches, left 
overnight, and inmediately adjacent to traffic have a high accident potential.· 
For such situations, one or a combination of the following mitigating measures 
is reccmnended: 

1. Specify that the contractor schedule resurfacing or construction 
operations such that no dropoff is left unprotected overnight, or, 
as a minimLm, limit the length af the dropoff and the period of 
exposure. 

2. If feasible, place steel plates to cover an excavation or trench. 
A wedge of material around the cover may be required in order to 
assure a smooth transition between the pavement and the plate. 
Warning signs should be used to alert motorists of the presence 
of steel plates particularly when the plates are on the travel 
lanes. 
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3. Place a wedg~ of material along the face of the dropoff. The wedge 
should consist of stable material placed at a 3:1 or flatter slope. 
Warning signs may be needed in advance and throughout the treatment. 
Pavanent markings or markers are useful in de1ineat1ng the edge of 
the travel 1 ane. 

4. Place channelizing devices along the traffic side of the hazard and 
maintain a 3-foot wide buffer between the edge of the travel lane and 
the dropoff. The minimun spacing of the devices 1n feet should be, at 
most, twice the speed in miles per hour. Dropoff warning signs should 
be pl aced in advance and throughout the dropoff treatment. 

5. Install portable concrete barriers or other acceptable positive barriers 
with a 2-foot buffer between the barrier face and the traveled way. 
An acceptable crashworthy terminal or f.1ared barriers are required at 
the upstrean end of the section. For nighttime use, the barriers must 
be supplemented by standard deline!tion devices, i.!., paint, 
retroreflective tape, markers, or warning lights. 

For dropoffs greater than 6 inches, recanmend~tion 5 is strongly suggested 
if recanmendations l or 2 are not feasible. Speed reduction measures need 
to be considered particularly for recanmendations 4 and 5. Although these 
mitigating measures are directed to nighttime conditions, dropoffs must also 
be properly addressed during daylight operations. 

We recognize that there may be sane reluctance by the States to develop a 
dropoff policy or guidelin~s. The pri~ary concern that has been stated in 
the past is that the development of such a policy would increase the 
potential for tort liability actions. It has however also been stated that 
the existance of properly developed policies and conformance to those 
policies can in fact provide the State with a good defense against tort 
liability. More important however, ;s· that such policies will provide 
greater protection frcrn accidents and injuries for the motorist. 

We strongly encourage you to work with the States on the developnent of such 
policies. If any further information or technical assistance iS·Jleeded, 
please contact us at your convenience. 
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T~ANSPO~TATION RESEARCH ROARD 
CO~MITTEE ON FLEXIBLE PAVE~ENT DESIGN 

COMPII..ATION OF OU'ESTIONNA.Ill! ON 
LONGITUDINAL JOINT CONSTRUCTION 

Th• questionnaire on lon1itudinal joint construction vas developed to 
determine practices and concerns of leaving an open joint when pavin1. The 
questionnaire focused primarily on safety to the traveling public and joint 
durability. A copy of th• questionnaire is attached. 

Responses were received fro• 4S stateSt 2 turnpike agencies, and 4 
Canadian Provinces. The com~ilation of these responses follows. 

Thirty-five agencies allov step-offs (open faces) for new construction 
and thirty-three allow th•• on resurfacin1. Of the 26 arenci•• allowing 
this practice and havinr a u.xiaua step-off, 62% have a u.xiaua of 2"; 19% 
have a aaxiaua of 1 112"; and only 15% allow 3" or •ore. Five arencies 
require a taper and this varies betvean 3:1 and 10:1. Twenty-nine arenci•s 
have a u.xiaua ti•• liait of 1 day or 24 hours over vhic:h to pave the 
adjacent lane. The others have no specified ti•• liait. 

The que1tion addressinr sicnina required answers vhich ver• soaevhat 
hard to coapile because the Manual of Unifor• Traffic Control Devices 
(Htn'CD) has no standard sicn for a lane step-off or uneven pavinc. There­
for•t aisinformative sicns or, •ore of tent sicns that are desiined by the 
•rency are used to alert th• public of the step-off. Six acencies use th• 
standard siins of Lov Shoulder (V8-9A) or No Passinr (Vl4-3). Fourteen 
agencies use special sicns vith 10 either statinc or illustratinc Uneven 
Pavement, 3 stat• Abrupt Edr• and one says Center Lin• Drop Off. Thirteen 
acencies use no sicns ••ntionin1 the step-off. 

Of 32 acencies requirinc special loncitudinal joint techniquest one or 
aore of the follovin1 techniques are used. 

Matchin1 shoe 53% 
Tacked joint 53% 
Cutback to vertical face 38% 
Taper 19% 
30' ski 6% 
Joint heater 3% 

Several a1enciea stated that tackin1 or cuttina back to a vertical 
face va.t required, if necessary. 

Th• ace.ncies that do not allow an open joint require th• contractor to 
•ove the paver back and square up daily when paving under traffic. For nev 
construction, full vidth paving and pavinr in echelon are 1enerally alloved 
as alternatives to aovin1 th• paver back daily. 

No a1encies reported any special density requirement on a joint. One 
is atteaptinr to develo~ a joint dens.ity specification. 

Thirty-eirht of the arencies responded that they have no spet ~f ied 
•ethods to prevent roundin1 of the joint •di• by traffic. Nine (18%) do 
not u.llov any traffic on the joint at any time. 
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The question requesting th• responders opinion as to hov hazardous a 
step-off is to various vehicles drev some int•restin1 responses. One 
responder invoked the fifth amendment. The ratings are listed below. Many 
responders assum•d the ~no" column, left in through a desisn flav, to aean 
"not hazardous" and thus resulted in an additional ratin1 to that intended. 

ltatinc 

Hazardous to: Extremely Somewhat Sli1htly Not 

Tractor Trailers 6 14 18 
Passen1er Cars 7 20 1.5 
Compact Cars 16 19 10 
Motorcycles 32 10 6 

This response is in line vith anticipated results. Motorcycles and 
compact cars are thoucht to be the aost affected and tractor trail•rs the 
least affected. 

10 
6 
3 
0 

The question concernin1 special procedures or deviations did not drav. 
any co11111ents not already included in the compilation. Likewise, the 
question requestinc special joint edre shapes only provided information on 
tapers, which has already been cateaoriz•d. 

CONCLUSIONS 

1. Almost 2/3 of the a1encies respondin1 allow step-offs. 

2. Twenty-five of th• twenty-six arencies allovins step-offs, permit 
1 1/2~ or 1reater. 

3. a) There is no standard sisn for a lan• step-off in th• Manual of 
Unifora Traffic Control Devices (MUTCD). 

b) In th• absence of a MUTCD approved sisn, many different sisns, some 
aisinformative, are used. 

4. The use of a 11&tchin1 shoe and a tacked joint are the two aost often 
used special lonritudinal joint requirements. 

5. Most respondents feel that the hazard of a step-off affects aotorcycle~ 
more than cars or truclc:.s. Of cars or trucks, compact cars are felt to 
be most severely affected. 

RECOMMENDATION 

The only recommendation that is apparent fro• this compilation is that 
a need •xists for the National co .. ittee on Unifora Traffic Control Devices 
to approve a standard sisn vhich can be used for pavements with step-offs. 
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US. Oeoor'lT'nenf 
ot Tl'Cl"l$PO'TOl'IO"l 

F.a.ral HigtMaY 
Admtuish atlc:W\ 

Suoiec: ACTION: Life·Cycle Cost Analysis 

Chairman, PMCG 

• 0 PMCG Members (See Attached List) 

Memorandum 

SEP J 5 1992 

i::leo•v :c 
.:.r·~ :· HNG-42 

A life-Cycle Costing {LCC} Task.Force has been formed in response to LCC 
interest expressed by the FHWA Research and Development Executive Board at its 
1991-92 winter meeting. The Task F~rce consists of representatives from the 
Associate Administrators for Policy (HPP-12), Research (HNR-20), Program 
Development (HNG-42}, Motor Carrier (HIA-20), and Administration (HCP-22). 
The Task Force mission is to develop reconmendations for the Research and 
Development Executive Board on appropriate ways to incorporate LCC analysis 
into the Federal-aid highway program, as well as the necessary LCC research, 
development, and training needs. 

Attached for your rev;ew and conments is a draft of the Task Force's 
preliminary study paper, "life-Cycle Costing and LHe-Cycle Cost Analysis: 
Applications Within FHWA and The Federal-aid Highway Program." We are 
scheduling a presentation and discussion period of the Task Force's initial 
effort at the next PMCG meeting. We are seeking PMCG reaction, input and 
suggestion for improvement necessary to obtain PMCG endorsement of a course of 
action prior to presenting the task force findings to the Executive Research 
Review Board on October 22. 

We would appreciate receiving your comments by September 28. Hr .. Jim Walls 
has been designated to coordinate·this effort and is available to address any 
questions you may have or clarify any proposals contained in the preliminary 
study. Mr. Walls can be reached at 366·1339 • 

. -4 
/~ 

~is H. Papet 
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Lou Papat 

Richard Torbi.k 

Tom Pasko 
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Madeline Bloom 

Dave McElhaney 

John Grimm 

w. Mendenhall, Jr. 

iJ!lr.ftl't: Lord ,-

Paul Tenc; 

Oon Fohs 

Ted Ferraqut 

Dick McComb 

HNG-40 

HEP•lO 

HNR-1 

HTA-1 

HPP-1 

HPM-1 
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Task Force Members: 

Ufa Cycle Costing and Ufa Cycle 

Cost Analysis: 

Applications Within 

FHWA and The Federal-aid 

Highway Program 

Preliminary Study 
August 1992 

Jim Walls HNG-42 (Pavements) 
Byron Lord HNR-20 (Research) 
Walt Manning HPP-12 (Policy) 
Dennis Hiller HIA-10 (Motor Carrier) 
Frank Waltos HCP-32 (Contracts and Procurement} 
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Executive Sunnary 

In response to interest expressed by the FHWA Research and Development Executive 
Board in Life-Cycle Costing (LCC), the Pavement Management Coordinating Group 
(PMCG} established an internal LCC Task Force consisting of representatives from 
the major affected·Associate Administrators. The Task Force was specifically 
charged with developing recommendations on appropr1ate LCC research needs. 

Fundamental to accumplishing its primary tasking, the Task Force had to first 
identify current and potential FHWA LCC applications along.with some fundamental 
policy implications. The Task Force also looked at the LCC implication of the 
ISTEA. This paper includes the Task Force's preliminary efforts in this area. 

In terms of its specific tasking on LCC research needs, this paper identifies 
relevant LCC issues and limitations. It lays out research approach options and 
a plan of action. 

Based on its initial efforts, the Task F.orce proposes two separate but concurrent 
LCC efforts; an internal LCC policy development effort and a two-phase LCC 
contract research effort. The policy development effort, although internally 
directed, would most likely require some outside contractor support. 

Under Phase I of the contract research effort, FHWA would contract with several 
companies to provide inter-disciplinary teams to define and clarify LCC issues 
and necessary research. Phase I work would include development of detailed work 
plans that address the identified LCC research needs. Under Phase IL FHWA would 
continue to fund a more limited number of multi-disciplinary research teams to 
actually conduct the more promising research activities identified in Phase l. 

The results of this proposed multi-phase research effort and the internal policy 
development effort would eventually be digested into FHWA guidance on LCC. This 
final step would most 1 ikely be done with in-house staff using consultant 
support. 

The Task Force stresses from the onset that the outputs of life-cycle cost 
analysis (LCCA) .are not decisions in themselves~ but rather inputs into the 
decision making process. 

A draft copy of this paper was \.irr.ulated to the PMCG and discussed at the last 
July 14 PMCG meeting. The draft paper has been revised to incorporate their 
views and co11111ents. 

The Task Force at this point has not made contact with any of FHWA's partners 
and/or customers. Consistent with FHWA's outreach program, the Task Force 
suggests....til.at appropriate outside groups be contacted before research funding 
decisions are made. Groups such as the American Truck;ng Association and the 
Association of American Railroads have conducted research in this area and are 
likely to have a keen interest in FHWA's efforts. Industry groups such as NAPA, 
Al, PCA, plus ARTBA would also be interested. 
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lntcpdu;t1cn 

A L1fe·Cyc1e Costing (LCC) T1~k Force was formed by Mr. Louis Papet, Chai1"'1111n af 
the PMCG, in response to LCC 1nterest expressed by the Research and Development 
Executive Board at its 1991 · 92 winter meeting. The Task Force is .composed of 
representatives. ~rom the Associate Administrators for Policy {HPP-12), Research 
(HNR-20), Program .Development (HNG-42), Motor .Carrier (HIA-20) and 
Administration (HCP-22). Specific Task Force members include: ' 

Jim Walls 

Byron Lord 

Walt Manning 

Denn is Mil 1 er 

Frank Waltos 

HNG-42 (Office of Engineering, Pavements Division) 

HNR-20 (Office of Engineering, Highway Operations 
Research and Development, Pavements Otvision) 

HPP-12 (Office of Policy Development, Transportation 
Studies Division) 

HIA·lO (Motor Carrier) 

HCP-32 (Office of Contracts and Procurement 
Research and Special Programs Division) 

The Task Force mission is to develop reconrnendations for the FHWA Research and 
Development Executive Board an appropriate ways to incorporate LCC analysis into 
the Federal-aid highway program, 1s well 1s the necessary LCC research, 
development, and training needs. · 

This study paper first defines LCC, LCC analysis, and cost effectiveness. It 
then discusses potential LCC applications with th1tr implications. This 
discussion is followed by a SU1'1'11\ary of current policies and a look at new LCC 
mandates. General LCC technical and policy related issues and limitations are 
then discussed. In the c·losing sections, the paper discusses potential 
approaches to determining and conducting needed research and training necessary 
to 1mp1ement LCCA, and finally, the list sect;on presents reconrnendations on the 
preferred course of action. · 

Definitions 

Current literiture loosely defines life-cycle costing/life-cycle cost analysis 
as a form of economic analysis which focuses attention on determining the longer 
term economic. imp lie at ions of alternative strategies rather than merely the 
initial or front end costs of the irJ1T1ediate decision at hand. It is a tool that 
can be used to usist in making economically prudent long-tenn .expenditure 
decisions, i.e., cost-effective investment decisions. 

The Tasl"Force be1 ieves the terms •Hfe-cycle costing• and •11 fe-cycle cost 
analysis• are synonymous. However. life-cycle cost analysis is more descriptive 
of the inherent analyt;cal process and. as a result, the remainder of this paper 
uses the term life-cycle cost analysis (LCCA). 
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A related tenl, cost effectiveness, also has bearing in terms.of FHWA.Policy. 
Cost 1ff1ct1v1ness is an economic related measure (genera11y a ratio) thi• 
describes how well an alternative meets a performance type objective in. relat; 01 , 

to the cost of achieving that performance. The cost component of cost­
effectiveness measures .should generally ref1ect life-cycle CO$t. The 
attractiveness of using cost-effectiveness measures is based on its ability to 
tie cost to performance. For example, a cost-effective measure ;n the safety 
area might be cost/accident reduced. In terms of pavements, it could be cost per 
ESAL carried until tenninal serviceability is reached. 

As well as defining what LCCA and cost effectiveness are, it is equally important 
to define what they are not. The Task Force stresses from the onset that the 
outputs of life-cycle cost analysis are not decisions in themselves; but rather 
inputs into the decisionmaking process. 

LCC App11cat1on1 

The Task Force sees two distinct areas where LCCA could be applied within FHWA, 
i.e., ;nternal and external applications •. The FHWA can use internal applications 
to support det1sionmak1ng at the national level. External applications are those 
related to the Federal-aid highway program. Within each area there are multiple 
application possib;lities. 

In terms of the Federal-aid highway progr111, there are several potential decision 
levels where highway agencies could apply LCCA. These decision levels include 
but are not necessarily limited to: 

State Network Anal.n1s • To evaluate total funding needs and to 
determine resource allocation levels for tht various systems, project 
categories, or improvement types in relation to established system 
wide performance goals. The ·LCCA can also be incorporated into the 
various management systems required by the ISTEA. 

Project Prioritization - To Compare the mer;ts of funding-one project 
in lieu of another. · 

Pavement Design - To as$ist in pavement type selection and to 
evaluate the marginal rate of return for providing premium in lieu of 
standard pavements. 

Materials Specifications • To compare the use of imported premium· 
aggregate versus lower quality, but locally available· aggregate. 

Total Quality Management - To evaluate the long-term impact of 
increased attention to quality control. For example, increased 
fxJ}'1'hditure for research and testing equipment may quic.kly pay for 
itself. 

Operational Analysis - To evaluate catch basin clean out policy, the 
type and application rates of de-icing chemicals, use of cathodic 
protection, etc. 
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. current Lee !ol 1 a · 
Internally, the FHWA already incorporates cost-effective considerat1ons·in tel""llls 
of national level policy development and analysis of alternate investment 
strategies. The Associate Administrator for Policy incorporates many aspects 
of life•cycli costing analysis during development of the biennial report to 
Congress, •status·of the Nations Highway and Bridges.• Some LCC principles have 
been and more will be included in cost allocation ·studies and in developing and 
evaluating legislative proposals. 

Externally, the FHWA does not specifically require State highway agencies (SHA} 
to conduct life-cycle costing or economic analysis in su~port of either program 
or project level decisions as a precondition for federal-aid funding. This ;s 
not true for other US DOT Modal Administrations. 

The Federal Transit Administration (FTA) requires development of cost­
effectiveness measures based on life-cycle cost analysis in support of grant 
applications for Section 3 discretionary money. This requirement, called an 
Alternatives Analysis, must be conducted by applicants at the Draft EIS stage, 
and the results must be included in the Draft EIS. This Alternatives Analysis 
requirement has been in plac:e for many years, and the FTA has developed and 
published specific procedural guidelines on how to conduct it. 

In contrast, the FHWA has admin;stered 1 formula based rather than 1 · 
discretionary progr1111 and has encouraged rather than mandated LCCA tn the State 
and 1 ocal decisionmaking process affecting Federa1 -aid highway funds. While FHWA 
will continue to administer a predominately formula based program, FHWA now 
administers some discretionary programs. The LCC would appear to have 1 more 
substantive roll in discretionary progr1111s. 

The FHWA, in its pavement policy, requires SHA's to have 1 pavement management 
systems (PMS). In that policy, FHWA defines. PMS as a set of tools for finding 
cost-effective strategies. 

At its March 8·10 meeting, the Research·and Technology Coordinating Col'lll'l1ttee 
developed colTl!lents on the FHWA R&T program. Among other comnents, the c:o11111ittee 
noted that, • ... the lack of 1ttention to life-cycle cos!s and benefits is a 
major impediment to the utilization of highway related technologies. Particular 
effort should be made ;n the research program to develop novel, user·friendly, 
and robust methods and tools for life-cycle costing• 

JSTEA LCC Proy1s1ons 

The Intennoda1 Surface Transportation Efficiency Act (ISTEA) of 1991 specifically 
addresses LCC under sections 134(f)(12) and 13S(c)(20). These sections require 
that the metropolitan and statewide planning processes incorporate consideration 
of severi.l factors including •the use of life-cycle costs in the design and. 
engineering of bridges, tunnels, or pavement.• 

Cost effectiveness is referenced in section 119, •interstate Maintenance 
Program.• Under subsection 4, it establishes el igib111ty when 1 •state can 
demonstrate ... that such activities are a cost- effective means ••. • 
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·The ISTEA also addresses LCCA in FTA's Section 3(f) progru •. The revisio.ns botr 
weaken and strengthet'.I the app11cat1on of LCC 1n FTA's Alternat1vt Analys;~ 
While the legislation specifically exempts c1rt11n inetropo11tan areas fro 
Alternatives Analysis requirements, 1t strengthened the Alternat1Ye Analys1~ 
requirements in non exempted areas. . 

One aspect of the. ISTEA that presents somewhat.of a dilenma for LCCA is the 
requirement to develop and implement several management systems. While current 
experience reveals that PMS' s can be used to foster systematic decisio.ns based 
on life-cycle costs, few if any, explicitly incorporate user costs or the time 
value of money. Most focus on maximizing performance .based on fixed budgets. 
Even in those highway agencies that have PMS's tn which budget level and 
performance impact are directly related, the systems have little to do with 
ultima~e budget decisions. 

LCC Analysis Issues 

Each LCCA application will, to varying degrees, have tts own specific LCC issues. 
However, some of the more obvious fu~damental issues include determining: 

(a) the appropriate life cycle .and analysis periods 
(b) the alternatives that should be included · 
(c) the ·performance histories of the alternatives 
(d) the cost factors to be included , 
(e) the actual costs of the virious cost factors 
(f) the appropriate discount rate . _ , . 

. . 
Procedural issues art also a concern. It include concerns over how: ........ •: : ' 

(a) inflation is addressed? 
(b) sensitive the results are to the discount rate? 
(c) performance history variations are addressed? 
(d) Agency Costs and User Costs are incorporated? 
(e) SHAs can capture and re-invest user cost savings? 

Teehn1ca1. Po11ex and P1"ocedural Jssues and L1m1tat1ons 

Legitimate Subjective Inputs 

Being a form of econom;c analysis. LCCA has all the strengths, weaknesses, and 
limitations of traditional economic analysis. Foremost among the weaknesses is 
the fact that LCCA includes many technical assumptions and policy related 
positions which directly influence the outcome of such analysis. The assumptions 
and policy inputs necessary to conduct an analysis can be very subjective and 
highly susceptibl~ to criticism from all parties impacted by the analysis. 

Technical assumptions and policy inputs must be clearly identified along wit~ 
supporting rational. Rational limits or acceptable ranges should be established 
for technical inputs and policy related assumptions. Sensitivity analysis should 
be conducted within the acceptable ranges to evaluate the influence of the 
parameter being considered. 
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Altcrnativt Ocvtlopm@nt 

Another important LCC issue is usuring consideration of 1 broad range of 
alternatives. The .LCCA cannot be used to evaluate the economic wisdOll of a 
particular alternative in and of itself. It can .only evaluate the relit1ve 
merits between -alternatives. As such, incorporating all viable alternatives is 
essential. This·· should include promising new approaches and technology. 
Unfortunately, estimating the performance lives of alternatives, is at best, both 
an art and a science even when historical data is anih.ble. Unt-r·ied but 
promising alternatives inherently incorporate greater risk than the tried and 
true. This additional risk has to be addressed. 

Private industry incorporates risk through th• selection of appropriate· discount 
rates. Riskier projects (investments) require prospects of greater (generally 
3-Si more) return. The SHA efforts in developing PM Systems 1nd SHRP LTPP 
research· will develop a better underst1nding of pavement performance 
relationships and should help in reducing risk. 

Performance Egyivalency 

Implicit in economic analysis is the assumption that perfonnance differences 
between alternatives can be clearly defined, captured, a.nd reflected in the 
ana.lytical results. While this is true for some aspects, it is not 1lways the 
case. A11 alternlthes which hive the same •useful life,• in terms of either 
yurs or loadings, do not necessarily provide equivalent perfonn1nce over that 
•useful life.• · 

For example, two competing pavement rehab111tat1on a1ternat1ves with the same 
pavement 1ife, may very well deteriorate d1fferent1y. If this is the else, then 
they will provide different levels of service over their useful lives, even if 
they reach the same terminal serviceability at the· same time (see figure 1). 

Alternathe A 

• 17 __ 
i 
I 

0 ~I ~~~.....;_--~~~~.~~~~~,~--,r--~-r-~-r~---i 

2 4 6 8 10 12 14 16 18 20 
Time/ESALS ··> 

Figure 1 Pavement Performance Histories 
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Non-costablt •nd Npn-guantjfiable 

In any economic analysis, there are, generally speaking, non- costable and non­
quantifiable el.ements that,. none-the- less. need to be considered in the decision 
making process.. The how and the degree to which the non-costable and non­
quant ifi&bl e eleq1ents are addressed is 1 major issue. While broader scope 
analysis are more compl•te, they are not necessarily more accurate. 

The degree to which current and future casts and benefits can be accurately 
estimated severely limit the ability of LCCA to distinguish between of 
alternatives when LCCA reveals little economic difference. When LCCA results are 
relatively close lw;thin 10-20S of one another) relative risk and other 
considerations take on greater significance. 

User Costs 

Highway user costs, particularly travel time or delay cost, have been 
controversial. While they may be difficult to quantify and price, construction 
imposed traffic delays have become, and are likely to continue to be., an ever 
increasing burden imposed on the public. 

Currently, highway agencies hne little economic: incentive to select alternatives 
that minimize total (agency plus user) LCC. The alternative with the lowest 
total life-cycle cost may well be the one that has the lowest user cost but, at 
the same time, the highest agency cost. Because there are no readily available 
mechanisms far highway agencies to transform reductions tn user costs to 
additional highway investment capital, the currint system encourages highwav 
agencies to minimize agency rather than total costs. This tends to result · 
significant sub-optimization of total possible benefits. · ··- · 

• ~ • • ·~ '""'• ~w 1!°;~. 

This issue is addressed to some extent by requiring full maintenance of traffic 
on heavily traveled routes. Highway agencies are already paying a premium on 
certain projects for 1 imiting the contractors hours of operation and/or elaborate 
traffic detours. Highway agencies need to anticipate this trend and incorporate 
higher future rehab;litatian cost in current life-cycle cast analysis. 

Marginal Costs 

The LCCA is generally used as a means of determining the most economically 
efficient (some times the cheapest) project from among a set of alternative that 
adequately meet the minimum performance requirements. This may well be short 
sighted. Highway agencies need to look at marginal costs, especially when 
relatively modest total cost increases make siqnificant differences in 
performance and or service 1 ives. Premium pavements may be economically 
justif-4-efl.. in areas with no alternative routes for maintenance, rehabilitation, 
and/or reconstruction activities. 

Discount Rate 

As a minimum, model LCCA procedures should incorporate the time value of money 
and discount future cost and benefits to a conmoo time. As just noted, such 
procedures must include internal (highway agency), as well as external (user) 
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costs assoc1ated with &· highWl.Y fac111ty over 1ts intended useful' life. Such 
procedures, however, would have to provide guidance on how to deal wtth the 
highway agency's inability to capture user cost saving for future reinvestment. 

Prgc:edyres 

To be practical,· LCC-A must be conducted using procedures that recognize the 
policy issues that influence the analysis and explicitly document the policy 
positions taken ;n the analysh. The FHWA does not currently hlVe LCCA 
procedural guidelines. If the FHWA intends to use LCCA internally, it needs to 
establish procedures governing such applications. If, on the other hand, FHWA 
expects to encourage consideration of LCCA in State and local highway agency 
decisions affecting Federal-aid highway funds, FHWA will need to establish LCCA 
procedural guidelines. From a technical aspect, model procedures should identify 
and evaluate all viable alternatives and relevant cost factors. They should 
incorporate techniques far developing accurate cost, performance, and service 
lives of identified alternatives. 

A1ternate Approaches 

Whil• the Task Force has been able to identify areas where LCCA research would 
be productive, 1t believes a more comprehensive look at the entire process as 
applies to highway investment decisionmaking 1s warranted. The Task. Force 
further believes that integration of the many debatable positions into 1 cohesive 
position on the application of LCC and appropriate guidelines on the conduct of 
LCCA within the FHWA program would be mucb more positive contribution. 

The Task Force also looked at developing an in-house working group io review the 
1 iterature and identify and conduct the needed research. The Task forc1 believes 
FHWA does not have sufficient manpower in the appropriate mult1-d1sc1p11nary 
fields available to make 1 significant contribution to advancing LCC within FHWA. 
LCC embraces many complex .issues; some are readily apparent, others are more 
subtle. Prior to more active FHWA involvement, endorsement, or techn;cal support 
of LCC. FHWA sponsored research is necessary to: 

(l) 
(2) 

(3) 

more clearly define, e~plore, and resolve 1dent1f1ed LCC issues; 
identify and explore other-important LCC issues not currently 
identified; and 
develop a comprehensive approach to incorporate the research 
findings into integrated procedures for the various LCC 1pplications •. 

Policy Rec9!!1!!!!ndations 

The Task Force ·recomends that FHWA pol icy explicitly promote the long-term cost· 
effective use of Federal funds. both in its internal operations and in the 
Federal:lid highway program. 

The FHWA should continue ta use LCCA and cost-effectiveness considerations in its­
internal operations to evaluate the condition and performance trend of the 
Nation's highways, and to detennine whether or not we are using resources to the 
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•1xi1111111 advantage in ach~eVing the national transportation goals. Other 1nterna1 
applications cou1Cf include developing and analyzing highway .investment polic 
developing and evaluating ~st allocation studies, and evaluation of competi 
IVHS techno1og1es and other RlD activities. · ' 

The FHWA- should· increase t'ts efforts to encourige, support, ind implement Stitt 
and local use of life~cycle cost in1lysis principles at all decision levels. It 
should develop model ·Lee guidelines, building- on extensive existing LCCA 
knowledge base including that of State and local highway agencies. The FHWA 
should make these LCCA guidelines available to highway agencies and requfre 
consideration of LCC in the Urban and Statewide Planning processes. The FHWA 
should also require the development of LCC and cost-effectiveness 1nfonnat1cn as 
part of each ISTEA mandated management system. 

In response to specific ISTEA LCC requirements, FHWA should focus on program 
rather than project specific requirements. The FHWA should provide guidance on 
conducting LCCA, require that it be conducted, and ensure that the results are 
expl ic:itly c:ons·idered in the dec:isionmaking precess. It should JUU. become 
involved in conducting or reviewing/approving actual LCCA's conducted by State 
and local highway agencies, even on Federal-aid highway program funded projects. 

Research Rec0ftll!endat1ons: 

In order to move forward with LCCA, FHWA should initiate research and training, 
necessary to foster improved LCC analysis at 111 decision levels. 

Because of the financial/economic focus, the research should be conducted by a 
multi-d1scip11nary team that draws on the strengths of economists, f1nanc11~ 
analysts, and other approprhte disc·iplines, IS well IS the highway 1ngineeri1 
ccnmun;ty. ... .. -r.. "· ... · ·• , • :.. . ~ . . _ -:-.... _ ;:• • · 

Because of the enormity and.complexity of .LCCA and the pervasiveness of potential 
application opportunities, ;t wfll be difficult to formulate a comprehensive 
research work plan with existing in·house resources. 

The Task force reconnends that FHWA pursue a two-phase LCCA contract research 
effort as follows: 

Phase I · an innovative exploratory rcseuch affort. 

Phase II - a traditional, in depth~ detailed research effort 
into specific LCCA issue areas identified in phase I. 

Phase I - Exc1oratory Research 

The exploratory research phase would reQuire that selected contractar(s) develop 
an inter:Oisciplinary team acceptable to FHWA that would; , 

1. Explore policy issues and the implications of various FHWA 
courses of action. 
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Z. Id1ntif1 specific LCC research needs associatld w1th tht courses 
of action 1dent1f1ed. 

3. Develop a detailed work plan and cost proposal that addresses the 
specific research needs identified. 

Because- of the .collq)lexity of LCCA, and the relatively 1nexpenstve cost 
anticipated for the exploratory research, the Task Force believes tt would bt 
extremely beneficial (Le., cost effective from 1 LCC perspective) to fund 
multiple research teams for this early stag• research. The Task Force envisions 
awarding multiple contracts under one primary exploratory research contract. The 
exact number of exploratory research contracts to be funded would be based on the 
responses received to the request for proposals (RFP). 

Phase II • Detailed Research 

The Phase Ir research component 1s basically designed to carry out the specific 
research that will be proposed in the detailed work plans developed by the inter· 
disciplinary teams under Phase 1. Upon coftq)letion of the Phase I exploratory 
research. FHWA would evaluate the research t1111(s) findings and propostU work 
plans. At that point, FHWA would decide whether to fund of 111 or part of the 
research activities identified by one or all the exploratory research 
contractors. The Task Force envisions the Phase II component would.be an option 
included 1n the Phase I research contract. 

On completion of this proposed two-phase research effort, A«VA will still nlld 
to consolidate the various research teams efforts, produce LCCA guidelines. and 
where necessary, develop LCCA policy, technical advisories, and poss1b11 
regulations. The Task Force reco111111nds that the final component would be to 
establish appropriate training· prograa(s). 

With the concurrance of the Research and Development Executive Board, the Task 
Force will establish a LCCA·working group to develop an RFP consistent with the 
preceding reco1T111endations. Preliminary estimates are that an RFP could be ready 
for early FY 93 Funding. Funding for the second phase would not be necessary 
unt i1 FY 94. 
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2. Identify s~ec1f1e LCC research needs associated w1th tht courses 
of action 1dent1fied. 

3. Develop a detailed work plan and cost proposal that addresses the 
specific research needs identified. 

Because- of the .complexity of LCCA, and the relatively 1nexpenstve cost 
anticipated for the exploratory research, the Task Force believes tt would be 
extremely beneficial {i.e., cost effective from a LCC perspective) to fund 
multiple research teams for this early stag1 research. The Task Force envisions 
awarding multiple contracts under one primary exploratory research contract. The 
exact number of exploratory research contracts to be funded would be based on the 
responses received to the request for proposals (RFP). 

Pbase II - Q1t11]ed Research 

The Phase It research component is basically designed to carry out the specific 
research that will be proposed in the detailed work plans developed by the inter· 
disciplinary teams under Phase I. Upon completion of the Phase I exploratory 
research, FHWA would evaluate th• research te1111(s) findings and proposed work 
plans. At that point, FHWA would decide whether to fund of all or part of the 
research activities identified by one or all the exploratory research 
contractors. The Task Force envisions the Phase II component would be an option 
included 1n the Phase I research contract. 

On completion of this proposed two·phast research effort, FMWA will still need 
to consolidate the various research teams efforts, produce LCCA guidelines, and 
where necessary, develop LCCA policy, technical advisories, and possibly 
regulations. The Task Foret recoaaends that the final component would be to 
establish appropriate training· prograa(s) • . 
With the concurrance of the Research and Development Executive Board, the Task 
Force will establish a LCCA·working group to develop an RFP consistent with the 
preceding recorrmendations. Preliminary estimates are that an RFP could be ready 
for early FY 93 Funding. Funding for the second phase would not be necessary 
until FY 94. 
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Ad.mmiatratiaa. room cm. HCXi-10. · 
Oflim of tbe au.t CoumeL 400 s... m•b 
su.t. SW •• Wubiapm D.C. 20580. ID 
eddftiaa to apec::lk It ma tbia 
poJicJ.. amt .. -
...... tn.baill&ad whntml 

: · • = a..w 10111tp' rm 
All 1EiDt,a .m...t WW be llfti.l&ble 

Fec:ltlnl HIQhW8y Admlnbnnltion 

['HWA DocUt NO. ,._15] 

Ut...cycte Cost ""81,.... 
AGENCY: Federal Highway 
Administnuan (FHW Al. DOT. 
AC'T10M: Interim policy statement.; 
request for comments. 

IUMllWrY: This FHW A policy stauiment 
on w.cyci. COit aulylil (LCCA) helps 
fulfill Federal manapmelll 
responaibiliti• for ualyz:ing life.cycle 
aost upec:ts of infrutnactww inY9Stment 
decisions wider Euaatiw Order 12893, 
.. Princ:ipl• of Fecienl lDfruuuctu.re 
lavestmenL" Tbe policy ltltement 
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far rreminaticm at the abaft addw 
betwMD 1:30 a.m. and 3:30 p.m. e.t. 
Monday through Friday. eXCBpt legal 
Fedmal holidays. _ 
FOR PUlmtlR NIOMIA110N CONTACT: Mr. 
Jamea W. Marcb., Qii.ef. Syatema 
AD&lysia Brmcb.. (202) 366-1237, or Mr. 
Stevtm M. Roch.Ua. J.Agislation and 
hgulatiom Division, (202) 3&~1395. 
Fedenal Highway Administration. 400 
Seventh Stz'9et SW .. Wuhingtcm D.C. 
20580. 

IU~ARY INFOAMATIDllC: 

Bac:kgroaad 
TbtN is an inC'llUiDg recognition that 

total life-cycle costa of highway and 
trmsportation m...unenta must be 
given gneter c:omidll'lltiOD in all pbuel 
of highway program£. Executiw Order 
12883, "Principl• or Federal 
ln.&utrw:tun ln,,..uneut," requinl that 
benefits and cost.I or infrutntcture 
in"91tment be measUJ'9d and 
appropriately discounted ovwr tbe full 
life cycle of •cb project. Sections 1024 
and 1025 of the lntenllodal Smfam 
TlmlSportation Efficiency Act of 1991 
(ISTEA) (Pub. L 102-240.105 StaL 
1814, 18") alao niguire consideration 
or '"'the we of life-cycle cmt iJl the 
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levels of 1ervice may be apprupnale far 
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100 or more years. The consideration of 
longer design lives will require longer 
analysis periods in LCCA. Analysis 
penods for protects involving other 
modes generally should be long enough 
to cover the full life-expectancy of the 
in vestment-the time-until facilities 
would have to be reconstructed if · 
initially constructed to an optimum 
design. These lives would vary 
according to the modal alternative being 
examined. :\na.lys1s periods for all 
proiect &ltemauves should be the same 
Jen~. 

The illchaion of user costs in LCCA 
is parucularly controversial among 
some States. Part of the controversy over 
user costs is the fact that they often are 
many umes higber than agency costs 
and can c:ritically i.n.fluenc:e decisions. 
While all motori.l:tl do not value costs of 
delays u highly u do commercial 
travelers, the COltl and lost productivity 
to businesset of delav1 around work 
zones are simply too.high to ignore. In 
fact. suc:h delays arguably have a greater 
impact on busi.Deu than delays 
asS0C1ated with l.Dadequate capacity 
because businesses factor normal 
congestion costs into their plans; but 
delays around work ZODes generally 
cannot be fmeseen and thus are more 
disruptive. Technical advisories to be 
developed OD 811timati.Dg UNI' operat.i.Dg 
and delay CON will adm.. this issue 
in greater detail. 

In addition to increued delay and 
vehicle operating cosu. reha.bilitltioa 
and mai.DteD&Dce act,ivitiel may nsu.lt in 
increased accident costs around work 
zones. Technical advi.loriet will be 
developed to u.silt in estimat.i.Dg 
increases in accident rates associated 
with different types of reha.bilitation 
and ml.l.Dten.ance activitieL The moat 
comprehensive infonnatiou oD the coas 
of motor vehicle accidenta ii contained 
in the Natiou.I Highway Traffic SIJ'ety 
Admin.istration 's publicatioD. "The 
Economic Cost of Motor Vehicle 
Crashes.1990." A copy ofthi1 
docUtDent is available in tb.e public 
docket for this notice. 

The proper use of the di9coWJ.t rate 
has been an issue for LCCA. cmt·bene6t 
anal vs1s and other tlJ!:..81 of ec:oDOmic . 
analysis as well. Among the ~- an 
the relationshlp between the diacount 
rate and inflauon. factors that affect the 
choice of rates. and how to 8st.abliah 
rates over a long analysis period. Office 
of Management and Budget IOMB) · 
Circular A-94. ••Guidelines md 
Discount Rate for Benefit-COst Analysis 
of Federal Programs," provides 
guidance on selectl.Dg appropriate 
discount rates for economic analyses. 
Since the choice of discount rate can 
affect relative life-cycle costs. seraitivity 

analysis may be appropriate lf two or 
more alternatives are close in cost. if 
streams of costs and benefits among 
alternatives vary significantly over time, 
or if the discount rate is outside the 
range of discount rates recommended by 
OMB. 

The F'HW A will develop training and 
techn.ical assistance materials to address 
issues in LCCA. These materials should 
supplement guidance on economic 
analysis tec:hn.iques conta.J.ned in 
AASHTO's 1977 publiq1tion. "A 
Manual on User Benefit Analysis of 
Highway and Bus·Tnmsit 
Improvements," 1 the "Red Book."' in 
the forthcoming update to that 
publication which was developed under 
National Coopenative Higbway Research 
Program Project 1-12. and in otlutt 
guidance on ta:A issues. While 
additional materials an11 beirJi 
developed. thls illterim policy statement 
provides gu.id&nce on LCCA principles 
applicable to highway and structure 

d;.t'FHwA is reviewing its policy on 
alternative bridge deaign.s (!3 FR 21631, 
JUDe 9. 1988) for consistency with t.bia 
interim life-cycle cost analysis policy u 
well as with Executive Order 12893. 

Policy 
The following is FHWA's LCCA 

policy for infrutnu:tun investmct 
&naly1e1. h repntMDta sood practice that 
ahould be followed by States and local 
tran.sporUtiOD qendet in ma.king 
program and projed invHtment 
decisions: 

1. Life.cycle costs ~ ID important 
cons1derttion in all higbway invettment 
decision.a. 

2. Tbe level of detail in LCCA should 
be commtmurata with the level of 
investment involved and the typel of 
alten.uttiv• being &D&lymcl. lnvesmienta 
on the NHS genenlly warrant morw 
detailed analysis than investmentl on 
non-NHS routes. Similarly. evwluation 
of decisiom whether to reconstruct or 
rehabilitate a facility warrants more 
detailed malysis rhan consideration of 
alternative maintenance strategies. 

3. Typtca.l life.cycle cost ana1ysil 
. profiles may be developed and used u 
the basis for evaluating altemauvea for 
general types of improveD.19I!ta· such as. 
consideration of alternative pavement 
designs or diffenmt types of bridges on 
various functional clus highways. 
Maier programs and p.ro)ects, however, 

• Thw d.ac:r.&.-11 v. ... u.i. Cori~• 
prmcnb-141141Cl'll ... 1. Appndt:a D.11 _, 
bl pu.n:.lllll9d ~ aa. ~~um ot 
Sl.t .. li.ilA••Y ..a. Tftlll.lflillNIM Ol!lcaMa....,. N. 
Cap11ol Sl1Wl. NW .. Sua .. w. W~ DC . 
:zooot. A mpy ll.lllo wtU be avail.able i.11 tbe pubhc 
doc:&et !Of Ui.ir. nota. 
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often will require consideration of a 
broad range of alternative rehabilitation 
and ntecmst.ruction opuons and more 
detailed analysis of potential 
alternatives. The potential applicabilit\· 
and use of t.a:A profiles will be · 
discussed in greater detail in future 
technical advisones. 

4. Other factors. including budgetary. 
environmental. and safety 
considerauollS. legiumately influence 
highway 111vestment decisions and 
should be considered aloll8 with the 
result.$ of LCCA in evaluaung 
investment alternatives. Lile-cvcle cost 
analysis principles should be Used ill 
con1uncuon with other appropriate 
economic analysis techiuqu• in 
p1vemeDt and bridge management 
systems. Systemwide or network. 
objectives u well u project level 
coDcenu should be considered in 
deci.sionm1king, arid both level.- of 
&nalysi.s should COD.Sider life-cycle 
costs. 

s. Analysis periods should be for the 
life of the facility or 1ynem of lacilitia 
bring 9V'&lu.atlld and ahould &CCOUDt for 
coat.I of for.eeable future actions. 
A.Dalysil perioda should DOt be ln1 than 
75 years for major bridge, twmel. or 
hydraulic system investment&. l.D.d not 
i .. than 35 yMn for pavemnt 
investments. Langer design lives may be 
appropriate for the NHS or ot.bc major 
routea or conidon. 

&. All appropriate qwm:y cmtl 
anticipetlld du.ring the am.J.ym period 
should be comidued 1n the analylis, 
including tn.f!ic control a:Hltl during 
mai.Dte:oanoe and rehabilitat.iOD. costs of 
special const:NctiOD proatdW'llll 
required to m.aiDWn tnJ!ic. md agency 
operating cosu for such things u tuDDel 
lighting and nntilatian. ln the. c:.ue1 

where the agency reqUiled to operate a 
facility LI Dot the one making the 
investment decisioD. it is import&Dl for 
the fun.ding apncy to include operalillg 
costs borne by other organizatiom 
responsible for opertting the facilities. 

7. Us.er cocta incJ:udiDg inc:reased 
vehicle operating costs. accident costs. 
and delay-related costs incumid 
throughout the analysis period should 
be considered in u::x::A. lncreued costs 
due to deteriorated riding sw'facas. 
circuitous routings, and acci.dmts and 
delays around and through maintenance 
and comtnlctioa work ZODft U9 all 
imponant. 

8. FutuM ageaq and u.1er COltl 
ahould be diac:aa:nted to net present 
value or converted to equivalent 

. uniform ami.u&l CQltl uaiDg appropriate 
dilcouut rata DilcoUDt :rates selected 
should be con.liltant with guidance 
provided in OMB Circular A-94. 
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From 

To 

Memorandum 
U.S.Deoo tillE'!"lT 
of Trcnsoorrcncin 

~Highway 
AdrT'Nntshal Ion 

INFORMATION: 1991 Intermodal Surface Transportatio'b 
Efficiency Act (!STEA) Implementation ate 

Interstate Maintenance Program 

Associate Administrator for 
Program Development 

Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

~eoty to 
Attn ot 

MAY 2 l 199'2 

HNG·ll 

The purpose of this memorandum is to provide written guidance regarding the 
provisions in the 1991 !STEA which created the Interstate maintenance (IM) 
program. 

Authorizations - Section 1003 

Section 1003(a){l) establishes the first annual authorizations for the 
IM program for FY 1992 through FY 1997, in amounts ranging from $2.431 billion 
to $2.914 billion. 

Apportionments - Section 1009 

Section 1009 modified Section 104(b){S){B) of Title 23, which previously 
established the apportionment formula for the l-4R program. The formula 
remains based on the same factors, lane-mile {SS percent) and vehicular miles 
of travel (45 percent), for apportioning IM funds, but the formula now 
includes those Interstate routes designated under Sections 103 and 139(c) 
of Title 23 plus Interstate routes designated under 23 U.S.C., Section 139(a) 
before March 9, 1984 (except toll roads not subject to a secretarial 
agreement as provided in Section 105 of the Federal-Aid Highway Act of 1978). 
Section 104(b)(S)(B} of Title 23 provides that no State shall receive less 
than one-half percent of the total IM funds apportioned annually. 

The certificate of apportionment of FY 1992 funds was transmitted by the 
FHWA Notice N 4S10.264 dated December 18, 1991. 

Aya11ability - Section 1020 

Section 1020(a) rewrites 23 U.S.C. 118 and provides that IM funds shall remain 
available for obligation in a State for a period of 3 years after the last day 
of the fiscal year for which they are authorized. For example, FY 1992 funds 
were apportioned on December 18, 1991, and will lapse on September 30, 1995, 
and FY 1993 funds will be apportioned on October 1, 1992, and will lapse on 
September 30, 1996. 
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Federal Share · Section 1021 

Section 102l(a) provides that the Federal share on all IM projects shall be 
90 percentt except as modified 1n States with sliding scales. 

Eligibi1ity - Section 1009 

Section 1009{e)(S) amends 23 U.S.C. 119(a) to permit the Secretary to approve 
IM funded projects for resurfacing, restoring, and rehabilitating routes on 
the Interstate System designated under Sections 103 and 139(c) of Title 23t 
and routes designated prior to March 9, 1984, under Section 139(a) and (b) of 
Title 23. 

Section 1009{e)(3) amends Section ll9(c) of Title 23 to establish types of 
work eligible for IM funding. The section has been interpreted to include as 
eligiblet those work items which provide for 3R work on existing features on 
the Interstate route and its interchanges •nd grade separations within normal 
•touchdown limits.• For eximple, the rehabilitation of existing roadside 
hardware may include IM funding for work such as bringing old guardrail up to 
current standards, 111intenance of impact attenuators, refurbishing existing 
traffic control signs, paveraent •arkings, and other devicest etc. However, 
excluded from eligibility for IM funding are all new work eleraents, such as 
new interchanges, new ramps, new rest areas, new noise walls, or other work 
which does not resurface, restore, or rehabilitate an existing element. 

Existing bridges (including over crossing structures) may be replaced with 
IM funds, provided they meet the structurally deficient criteria of the 
bridge program. Bridges classified as functionally obsolete may also be 
replaced with IM funding, except that capacity expansion elements should be 
subject to the limitations discussed in the following paragraphs. 

Section 1009(a) prohibits IM funding for the portion of the cost of any 
project attributable to the expansion of the capacity of any Interstate 
highway or bridge, except for the addition of high-occupancy vehicle lanes or 
auxiliary lanes (such as truck climbing lanes). 

z 

In determining what porti~n of a project 1s eligible for IM funding and what 
portion is capacity expansion (and, therefore, not eligible for IM funds)t the 
basic purpose of the project should be considered. If the project.is a 
combination of preservation and capacity expansion, the cost should be split 
with 3R items eligible for IM funding and capacity expansion items eligible 
for other funds. In determining the split, it 1111 be helpful to visualize the 
project without the capacity expansion work {added lanes, bridge widening or 
extension for example) and allow IM funding fo~ all necessary 3R items. 

Section 1009(e)(4) amends 23 U.S.C. 119(e) to allow IM funding for preventative 
maintenance activities, which a State can demonstrate through its pavement 
management system, are a cost-effective means of extending Interstate pavement 
life. Preventative maintenance includes activities such as sealing joints and 
cracks, patching concrete pavement, shoulder repair, and. restoration of 
drainage systems which are found to be cost-effective projects resulting in 
extending the service life of pavements. 
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This provision has been extended administratively to allow IM funding for other 
preventative maintenance activities. Examples may include structure work such 
as crack sealing, joint repair, seismic retrofit, scour countermeasures, and 
painting of steel members which are cost-effective in extending the service 
life of the structure. 

Toll Roads. Bridges and Tunnels - Section 1012 

Section 1012(d) provides that existing toll agreements entered into under 
Section 119(e) or 129 of Title 23 prior to and in effect on the date of 
enactment of the 1991 ISTEA, shall continue in effect. All new agreements must 
be executed in accordance with the provisions of the 1991 ISTEA. Guidance on 
the use of Federal-aid funds on toll roads has been provided by Mr. Kane's 
memorandum of March 12, 1992. 

Discretionary Funds 

There is no provision for set aside of funds from the IM program for 
discretionary purposes. Also there is no provision for reallocation of 
apportioned IM funds which lapse at the end of the availability period. 

Section 1020 does provide for a cont1nuat1on of the I-4R discretionary fund 
program that is separate and distinct from the IM program. The source of the 
I-4R discretionary funds is an annual set aside from National Highway System 
(NHS) funds. These I-4R discretionary funds may be used for IM-type projects 
or for other improvements on the Interstate including projects to provide 
additional Interstate capacity. A memorandum was issued on December 20, 1991, 
which outlined procedures for applying for FY 1992 I-4R discretionary funds. A 
similar memorandum will be issued annually. 

Transferability • Section 1009 

Section 1009{e)(S)(D) and (E) modifies 23 U.S.C. 119(f) to allow a State to 
unconditionally transfer an amount not to exceed 20 percent of its 
IM apportionment to its apportionments under 23 U.S.C. 104{b)(l) for the NHS, 
or 23 U.S.C. 104{b)(3) for the Surface Transportation Program (STP). 

Section 1009{b) further amends 23 U.S.C. 119{f) to allow a State to transfer an 
amount in excess of the 20 percent unconditional IM fund transfer, if the State 
certifies to the Secretary that (1) the sums to be transferred are in excess of 
its needs for resurfacing, restoration or rehabilitating its Interstate System 
routes and (2) the State is adequately maintain;ng the Interstate System, and 
if the Secretary accepts the certification. 

State requests to transfer IM funds should be submitted to the Division 
Admin;strator and may be approved by the Regional Federal Highway Administrator. 
Funds transferred into the STP will be transferred into the State Flexible 
Appropriation Code 330. 
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Adequate Maintenance of the Interstate System 

Requirements for the State to ce~1fy that it is adequately maintaining the 
Interstate System and that the Secretary develop cr1ter11 for determining what 
constitutes •adequate maintenance• were added by Section 1009{c){2). 

4 

We anticipate that formal rulemaking may be necessary to allow input from the 
States in the development of definitive guidance on what constitutes adequate 
maintenance. Thereforet for the purpose of evaluating State requests to 
transfer IM funds, in excess of the 20 percent unconditional amount, and until 
such time as these criteria are established, the guidance contained in the 
Federal-Aid Policy Guide, CFR 63SE and its supplement (old FHPM 6-4-3-1) should 
be used for determining whether the State is adequately maintaining the 
Interstate System. 

Headquarters Contacts 

This guidance will be updated in the future· if further clarifications are found 
necessary. Questions about what constitutes adequate maintenance of the 
Interstate System should be directed to the Construction and Maintenance 
Division (HNG-21). Pavement 111nagement systems are coordinated by the Pavement· 
Division (HNG-41). Other questions about the IM program should be directed to 
the Interstate and Program Support Branch (HNG·l3). . · 

8-e.. (':v---io .• · ......._-......_. ----
Anthony R. Kan• 
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US.Deon•.., 
Cll 1atiiQOI UIO I .. • ...... ~ 
AclmitlllNlioft 

JNTOBMAT!ON: Preventive Maintenance 
~ 

Associate Ad:inistrator for 
Ff'Of'l'I: Progra:m Oevelopm•nt 

Memoranduri 

JU. 2 l J992 

lllfDIY t0 HNG-10 
Allft Of 

Reqional Federal Highway Ad:inistrators 
to: Federal Lands Highway Proc;rlllZI. Administrator 

Section 119 cf Title 23, United States Code, was amended by the. 
Intermodal Surface Transportation Efticiency Act ot 1991 to 
provide specific Federal-aid fund elig~ility for preventive 
maintenance on Interstate highways. . 

We consider preventive maintenance to include.roadway activities 
such as joint repair, pavement patching, shoulder repair, and 
restoration of drainage systams, and bridge activities such as 
crack sealing, joint repair, seismic retrofit, scour 
countermeasures, and painting. Such work is •liqibl• for 
Federal-aid participation where the work is deter:ined to be 
ccst-ef fective for preserving th• pavement and bridge structure 
and extendin; the pavement and bridge lif • to at least achieve 
th• design life qf th• facilitJ>. 

Du• to th• nature of preventive maintenance type vork, th• 
Division Ac:!:i.inistrator may approve a request to advance this type 
of project on Interstate hiqhvays without includinq safety or . 
qeo~etric enhancements~ but wit.h the understandinq that 
appropriate safety and qeometric enhancmnents will be an inta;ral 
part cf future 3R/4R projec;ts. This approach may also !·• applied 
tc r.linor work the Division Administrator considers elic;.-l:lle tor 
Federal-aid funding en other Federal-aid highways. :reventive 
maintenance or minor work items shall not degrade any existing 
safety er geometric a~pects of ~· facility. . 

Anthony Jl. Jeane 
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us De$:>0"11'Tenf 
d TrcnspQr'IC'l101 

Federat Htgttway 
AdrrinlSUat• 

suoree1 INFORMATION: Interstate Maintenance Program 

From Executive Di rector 

To Regional Federal Highway Administrators 
Division Adm;nistrators 
Federal Lands Highway Program Administrator 

Memorandum 

Da~ June 14, 1993 

Reoiy to 
A:r~ Of HNG-21 

Over the last decade, the State highway agencies have carried out necessary 
resurfacing, restoration, rehabilitation and reconstruction (4R) of Interstate 
highways in accordance.with the provisions of 23 U.S.C. 119 using funds 
apportioned under 23 U.S.C. l04(b)(S)(B). Since there was no differentiation 
in eligibility or pro rata funding for the various classes of work, there was 
not a need to develop strict definitions for determining whether the proposed 
work was resurfacing, restoration, rehab111tat1en or reconstruction. General 
definitions for pavement reconstruction and pavement rehabilitation (3R) are 
included in the •Pavement Policy• (Z3 CFR 626) which was established in 1988. . . . 

Currently, some questions pertaining to the definitions for rehabilitation and 
reconstruction hav• been raised since Section 1009(1) of the lSTEA of 1991 
generaily elim;nated reconstruction on the Interstate System from eligibility 
under Z3 U.S.C. 119, Interstate Maintenance (IM) Program. As revised, this 
sectior. promotes maintenance of the Interstate System through approval of 
projects for resurfacing, restoration and rehabilitation, and through 
preventive maintenance activities. 

Preventive maintenance includes restoration or rehabilitatic~ of specific 
elements of a highway facil tty when it can be demonstrated tnat such 
activities are a cost-effecti-Ye means of extending the pavement Hfe. The 
list of spectfic work elements which are generally accepted as extending the 
service life of pavements and bridges is extensive. In general, any work 
which provides additional pavement structural capacity (general overlays or 
replacement of .portions of the pavement structure), or· prevents the intrusion 
of water into the pavement or pavement base (seal coats, joint seals, crack 
seals, overlays), Dr provides far removal of water that is in the pavement or 
pavement base (underdrains, restoration of drainage systems), restores 
pavement rideability (profiling, milling), or prevents the deterioration of· . 
bridges (cleaning and painting, seismic retrofit, scour countermeasures, deck 
rehabilitation or repair, deck drain cleaning) are considered to be work which 
extends the service life of the highway. These typical preventive maintenance 
work items are not intended to be all inclusive but are rather a limited list 
of examples. The changes made by Section l009(e) of the ISTEA of 1991 allow 
considerable flexibility in determining, based on ·~od engineering analysis, 
the most cost-effective method of extending the sei1ic:e life of the existing 
Interstate pavements and bridges. 
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Each of the States either have, or are in the process of developing pavement, 
bridge and other management systems in response to the ISTEA of 1991 and 
previous FJnlA p~1~cies. One of the purposes of a pavement management system 
is to identify cost-,f(ective strategies for proposed pavement work. In some 
cases, the most cost-effective pavement strategy may be removal and 
replacement of all or part of a badly deteriorated pavement structure. 
However, if a rembval ind replacement strategy is cons;dered ineligible for IM 
funding, a less cost-effective strategy may be selected by the State based 
only on the class of available funding. Forcing any particular strategy based 
primarily on availability of funds would not provide the public with the best 
use of Federal-aid funds. Therefore, in order.to provide the States with 
necessary flexibility and still meet the intent of the re~ised 23 u.s.c. 119. 
pavement work which is identified by the State's pavement management system as 
being cost-effective, including removal and replacement strategies. where no 
additional capacity is provided is elig1~1e as an JM Program funded project. 

Reconstruction on the Interstate System.may still be approved; however, unless 
the proposed work meets the eligibility requirements· of 23 U.S.C. 119(c).·such 
work must use funds other than those apportioned under 23 U.S.C. 104(b)(S)(B). 

Hr. Anthony R. Kane's May 21, 1992, memorandum on •1991 Intermodal Surface 
Transportation Efficiency Act (!STEA) Implementation Interstate Maintenance . 
Program• listed, as examples, several types of improvements which were not 
eligible for IM funding. The example concerning •new ramps• has created some 
confusion. As a result, further clarification ts necessary. 

After reviewing the legislation; we have deter111ned that the addition ofanew 
ramps at existing .interchanges is properly a part of •1nterchang1 · ·. ·~ ... -
reconstruction• arid does not constitute added capacity under 23 u.s.c. 119(g}. 
Eligible new ramps may include those associated wtth reconstruction of 
existing interchanges necessitated by traffic growth or operational problems. 
Examples might include the addition of one or more loops to an existing 
diamond interchange, the addition of a directional ramp to relieve Interstate 
traffic congestion, or the addition of a ramp or ramps to provide a missing 
traffic movement. These examples are ilso not intended to be 111 inclusive. 
In general, new ramps associated with the reconstruction of an existing 
interchange are eligible for IM funding and conversely, new ramps on an 
Interstate route where there is presently no existing interchange are not 
eligible for IM funding. · 

In addition to these comments and guidance concerning· pavement and interchange 
eligibility~ any proposals for IM funded p.rojects should includ.e 
considerations fo~ safety or geometric enhancements in accordance with 
Mr. Kane's July 27, 1992, memorandum on •Preventive Maintenance.• 

dL~, 
E. Dean Carlson 

2.13.4 

Arch
ive

d



CATALOG 
Mc Trans (Center for Micro­
computers in Transportation), 
is o software distribution and 
user support center, originally 
estoblished by the Federal 
Highway Administration 
(FHWA}, and now supported 
by the Federal Transit Admin­
istration {FTA). The Mc Trans 
Center provides support to 
microcomputer users through 
technical assistance of the 
software it distributes. 

Our goal is to serve as the 
nation's primary center for 
technical support and distribu­
tion of highway transportation 
and transit software. With a 
staff of experts in a wide 
range of specialties, 
Mc Trans fields inquiries on 
a variety of subjects, such as: 
what program• are available 
for your needs, which com­
pu#flr should be purr::has.d to 
run your software, and help 
with sp11<:ific programs. 

As a support center, we learn 
about what software others 
are using and hear about 
programs that you ore looking 
for. Feel fr .. to call Mc Trans 
with your questions: 1 ·800. 
226-1013 (24-hour message 
hottine); (90.A) 392-0378; 
Fox: (90.A) 392-322.A; or 
logon to Mclink, our 24..hour 
electronic bulletin board, 
(904) 392.3225. 

McFinder, the Mc Trans 
catalog-on-disk, is updated 
quarterly. This catalog is up­
dated annually, with quarterly 
updates in the Mc Trans 
Newsletter. Both can be 
obtained fr .. on request. 
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• • • • • HIGHWAY ENGINEERING 
PAVEMENTS 

'. Carson City PMS 
I i The Carson City Pavement Management Sys-
: tem was developed under ;,in FHW A Rural 
1 Technical Assistance Program tRTAPl project. 

Road inventory data include street name, seg· 
ment limits and location, subgrade strengths, 
lengths. widths and surrounding land uses. 

: Structural information includes presence of 
; curb and gutter. shoulder width, surface and 
. bas.e type, thickness and deflection. The condi· 
: lion survey includes information on ride qu;al· 

ity, alligator cracking. ravelling and longitudi· 
nal plus traverse cracking as the recorded forms 
of distress; and acceptable, tolerable and unac· 
ceptable listed as the three degrees of severity. 

i The total quantity of each distress and severity 
i combination is recorded for each street segment 
i and dedu<:t values assigned. Traffic survey in· 
f formation includes volumes and dassific.ition. 

: The type and extent of distress determine the tt-
1 habilitation strategy alternative. The ride qu.il· 
'. ity, allig.itor cracking and status of surface ravel· 
' I ing are checked. Then, depending on the traffic 
i index l.i musure of truck volume and weights), 

a maintenance and rehabilit.ition treatment is 
recommended. Priorities .ire assigned b.ised on a 
cost-benefit ratio determined il5 .i function of 
cost-per-vehicle-mile. Cost estimatl!!l .ue then 
applied .a.nd listed with the expected life cycle 
before new trutments .ire required. 

LOS: 3 (from fHW Al 

Oper.iting System: lBM PC/MS-DOS 2.1+ 
(384K and Hard Diskl 

Supporting Software: dBASE Ill+ 

Product# Description Price 

CCP'.lttS Carson City PMS, 7189 SSO 

CCPMS.D Document.ition SlO 

ELSYM S 
ELSYM 5 is a computerized procedun which 
models • three-dil:nension.il iduJized elastic 
layered pavement syttem. It computes the vari­
ous component sl:rftHS, strains, .and duplace-­
ments along with principal v.Uues at loationa 
specified by the v.nr. within the layered pave­
ment. This program was developed for the Fed­
eral Highw•y Administr.ition. 

LOS: 3 (from FHW Al 

Operating System: IBM PCIMS.OOS 2.1+ 

Product# 

ELSYM 
ELSYM.O 

EX PEAR 

Description 

ELSYMS, 12186 
Documentation 

Price 

S40 
S5 

EXPEAR IEXpert system for l!avements f;v&Ju· 
•tion And Rehabilitation) is .;a comprehensive 
computerized system to •ssist engineers in 
enlu;ating concrete highw.iy pavements, de­
veloping feasible rehabilitation .;alternatives, 
.ind predicting the performance and cost effec· 
tiveness of the .iltem;atives. In its current state 
of development it is considered .111 excellent 

FAX (904) 392-3224 

training tool. Some modifications would be 
required to make this program suitable for 
routine use. 

A computer program has been developed for 
each of the three pavement types: jointed 
Plain Concrete Pavement (JPCPI, Jointed Rein· 
forced Concrete Pavements (fRCPl, and Con· 
tinuouslv Reinforced Concrete Pavement 
KRCPl, .The current version is EXPEAR .1 • .& 

which possesses the c.ip•bility to do life·cyde 
cost analysis and to delay rehabilitation up to 
five yurs. 

EXPEAR was developed by the University of 
Illinois .it Urb.in.i·Ch.imp.iign under fHWA 
administrative funded or Highway Pl.inning 
and Rese.irch funded contracts. further work 
to enh.ince the capabilities of EXPEAR is pro­
posed. A h.ird disk is recommended both for 
speed of execution .and storage of dat.i files. 

EXPEAR comes from K.athleen T. Hall of the 
University of Illinois. A supplement.al docu­
ment describing the Concrete Pavement Ev.ilu· 
ation •nd Reh.ibilitation System is also avail· 
able. 

LOS:3 

Operating System: IBM PCJMS·DOS 3.0+ 

Product# 

EXP EAR 
EXPEAR.D 
EXPEAR.OS 

Description Price 

EXPEAR, Ver.1.4 545 
Oocument.ition 520 
Supplemental Document 525 

HDM-111 and HDM-PC · 
HOM·llI a.nd HDM·PC I Highway Design a.nd 
Maintenmce Standards Modell is designed to 
make compa.rative cost estimates and economic 
evalu.ition1 of different construction and main· 
tenance options, including different time stag· 
ing strategies, either for .;a given road section or 
•n entire network. The concept can simply be 
outlined u: determining cosls, .idding the set 
of costs over time ud compmng the total cost 
streams for vmous m.ainten.mce .ind construe· 
tion Alternatives. 

HD-PC induda the core HDM·lll model. a fa­
cility lo inpat data. a mechanism to use the out· 
pub with Lotus 1·2·3, i1nd a constrained version 
of the Expenditure Budgeting Model <EBMl. If 
HOM is uHCf with the EBM. it is c.ip.ible of 
comparing options under year-to-year budget 
constn.intl. 

The buic data requimnents ue the network de­
!!Cription. consuuction options, a.uintenance 
9tanduds i1nd unit costs. vehicle dwxteristics 
.ind unit coets, traffic volumes and projectiom, 
excsenou.s benefits and cosb, and .llWysis period 
and dillcow\t rates. The program is distributed ex• 
clWlively by Mc T,..,. under liceme from the 
World Bank in Wuhington. DC. 

The HDM·PC com• in two versions: 1) fully sup­
ported. which includes free technical usistantt 
and upd.ltet .ind 2) unsupported. which bu no 
support services. Both include the HDM·PC 
User's M&nUJLI and the EBM. The EBM m.ay a.llO 

·n· ·---·-· c A ' A L 
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be purchased ~parately (PC only I. The m.iin· 
frame version is only available~ fully sup­
ported. The main HDM·lll documentation 
IHDM.DVt and .DV2 below), whidl describe the 
model in det.iil, must be purchased separately. 

A French version of HOM Ill is available from 
PENDC of Puis or through Mc Trans. Call for 
details. 

LOS: l iCopyright 1988, the World Bankl 

Operating System: IBM PC'MS·DOS 2.2+ (640K 
and Hard Diskl and Mainframe 

Product# Description Price 

HOM fully supported HDM·PC, S400 
Ver.2.0 tind. EBM. User's 
:Manual, Volumes 1. 2 and 
HOM Manager! 

EBM Fully supported version S60 
of EBM line!. L:ser's ~lanuai) 

HDM.UPG Upgrade to supported S300 
HOM.UN 1,;nsupported HD'.'.f·PC 5100 

!ind. EBM and l:ser's ManuaU 
EBM.UN Unsupported Vi!Mion of S30 

EBM I ind. User's \1anu.iH 
HDM.D Extra copies of HOM-PC S15 

User's Manual 
HDM.DV1 HOM model documentation S20 

Vol. 1; Description of HDM·III 
HDM.OVZ HDM model documentation S25 

Vol. 2; User's M•nu.il for 
HDM·III 

HDMManager 
HOM M.in.iger is a user·friendly shell environ· 
ment for specific customized •pplic•tions of 
HDM·lll. It stores the input d.ita in an efficient 
m.a.nner, creates all the required HDM·III input 
files, runs the HDM·III progr.im. collects the 
re5ults and presents the results in a practic.il 
w.ay. It provides a simple but powerful package 
for !urning .md using the major concepts of 
HDM·UI. 
HOM Man.iger is designed to be used with the 
full HDM·III pack.ige ;ind document.ition, 
which must be obtained sepillately. HOM 
Ma.n.tger comes from the World 8.tnk •nd is irt· 
cludrd with thii fully-supporttd HDM·Ill. 

LOS: 3 (Copyright 1993, The World Bank} 

Openting System: IBM PC!MS·DOS 3.1+ 

Product# Description Price! 

HOM.MGR HOM M.anager, Yer.2.0 S15 

ILLl-IACK 
ILLI·BACK is a dosed-form b.ickc.ilculation 
procedv.re for rigid p.ivement:s. It is a comput· 
erized adaptation of .;a rigorous, theoretic.illy 
sound and efficient backcalculation proce­
dure, applic.able to two-1.iyer, rigid p.ivement 
systems. This method simplifies considerably 
the effort required in interpreting nondestruc· 
live testing (NOTI d.it.i. A unique fHtu.re of 
this approach is th.it in .;addition to yielding 
the required backcalcul.ited parameters, it .;also 

0 G\ 1 _, __ ... -· 
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allows an evaluation of the degree to which 
the in situ system behaves as idealized by 
theory, and provides an indication of possible 
equipment shortcomings when these arise in 
the field. 

The !LU-BACK backcalculation procedure 
considers a two-laver system, consisting of a 
rigid p.iv~ment sl.ib resting on an elastic solid 
IESl or a dense liquid tDU foundation. The 
backcakulation process requires four sensor 
deflections and utilizes the concept tor deter­
mining the Area of the deflecting basin. 

When IL LI-BACK is e~ecuted on a personal 
computer, execution time per deflection basin 
permits the interpretation of a vast amount of 
:'>IDT data in .i very reasonable time. The 
method makes it feasible for the first time to 
have a practical backcalculation procedure at· 
tached to the testing device in the field, pro• 
viding instant checks on the accuracy of the 
deflection results generated, while there is 
still time and opportunity for remedial action. 
The program supports English and :\tetric 
units and runs interactively or in batch mode 
and is distributed in Copy-Protected fonnat. 

LOS: 7 !Copyright 1988, A.M. !oannides~ 

Operating System: IBM PCMS·DOS 2.1+ and 
math coprocessor 

Product# Description Price 

!LBACK ILLl-BACK, Ver.2.0 S225 

ILLl·PAVE Algorithms 
lLLl-PAV'E Algorithms is a program based on a 
set of algorithms that were assembled from 
ILLl·PAVE, a very large complex finite element 
program. The algorithms are contained in the 
program called ILLIALGR in the form of a se­
ries of spreadsheets selected from the menus. 
!Lll·PA VE Algorithms can be used for prelimi· 
nary design and analysis of flexible pavements. 
This program was developed for the Federal 
Highway Administration. 

LOS: 3 (from FHW Al 

Operating System: IBM PCJMS-DOS 2..1+ 

Product# 

ILLI 
ILLl.D 

JCP·l 

Description 

ILLl-PAVE, 12/86 
Documentation 

Price 

S40 
$5 

JCP·l <Jointed Concrete Pavement) determines 
the serviceability and fatigue data for use in 
rigid pavement design. The design process is 
an iterative process in which a designer speci· 
fies trial stnictural designs, determines the re­
quired inputs, executes the program, analyzes 
the resulting fatigue and serviceability data, 
modifies the design, and repeats the procedure. 
The program will analyze any number of slab 
thicknesses and provide outputs for each thick· 
ness, while holding ;all other inputs coiutant. 

LOS: 3 (from FHWAJ 

A 
; 

.>' J 

Operating System: IBM PC/MS-DOS 2.0+ 

Product# 

JCP 

JCP.D 

Description 

jointed Concrete 
Pavement-1, 12/86 
Documentation 

Long Beach PMS 

Price 

545 

55 

The Long Beach Pavement Management Sys­
tem was also developed under the FHW A Rural 
Technical Assistance Program IRTAP) project. 

The system uses data files for physical informa­
tion on the sections to be· included in the analy· 
sis; pavement survey data detailing the condi­
tion of the surface; and information on the scor· 
ing. treatment and cost estimates for each road 
segment. Traffic data are incorporated into the 
analysis in the form of a Traffic Index based on 
ESAL's. An evaluation system is utilized which 
rates the s;ctions from the pavement surveys 
and applies a decision tree to determine initial 
proposed treatments and their estimated costs. 
LB PMS analyzes both flexible I asphalt con­
crete) and rigid <Portland cement concrete I 
pavement types and produces several interme· 
diate and final reports. 

LOS: 3 ffrom FHWAI 

Operating System: IBM PC/MS-DOS 2.1+ 
(3&lK and Hard Disk) 

Supporting Software: dBASE UI+ 
Product# 

LB PMS 
LBPMS.D 

MAPCON 

Qescription 

Long Beach PMS, 6/89 
Documentation 

Price 

$40 
510 

MAPCON <Methods for Analyzing Pavement 
CONdition datal is a comprehensive, but user 
friendly package for pavement safety, rough­
ness, structunl capacity and surface condition 
analysis. MAPCON includes ELSYMS and the 
Calfomia FPMS and RPMS (which also ue dis­
tributed sepuately) and others. MAPCON pro­
vides upaths" to all the individual programs, 
enabling the user to better analyze the pave­
ment conditions, which can then be made pa.rt 
of a pavement management system. 

MAPCON was developed by Pennsylvania 
State University and ARE, Inc., under contract 
to FHW A. A hud disk is highly desirable, but 
not required. 

LOS: 3 (from FHW Al 

Operating System: IBM PCJMS-OOS 2.0+ 
1512Kl 

Product# Description • 

MAPCON MAPCON, 4187 
MAPCON.D Documentation 

MIX 

Price 

$100 
$65 

MLX is ;a menu driven, BASIC program which 
calculates the specific gravities of agg:ttgates 
for the design of the asphalt mix and the pro­
portions of each aggregate in the mix. The pro­
gram is based on the methodology described in 

T A L 0 G 
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the MS-2 Report published by the Asph;alt I. 
stitute. !'lo formal documentation is avail.1bl 

LOS: 5 (from University of Puerto Rico) 

Operating System: IBM PC:\1S-OOS 2.0+ 

Supporting Software: BASIC 

Product# 

\1IX 

Description 

'.\.UX, 1180 

MODULUS and PASELS 

p 

MODULI.JS and PASELS are two programs 
assess the current condition of the moduli o 
various structural layers of existing asphalt 
pavement. The moduli values are often ob­
tained through nondestnictive testing with 
use of falling weight deflectometers. The h: 
volume data collection capabilities of modt 
nondestructive testing equipment require a 
analysis method which is capable of rapid 
backcalculation of pavement layer moduli 
production mode of d.ita reduction. A laye1 
elastic method, MODULUS, was developet 
microcomputer use which is very fast in Of 
tion and provides consistently reliable res1 
Random errors in the me;asurements and s~ 
tematic errors in the backcalculation proce­
may be reduced-the former by repeating tt 
measurements and the latter by using a mi 
computer expert system, PASELS, to provi 
consistently acceptable layer moduli value 

These programs were developed under a · 
tional Cooperative Highway Research Pre 
gram projec.t, the results of which are pub 
lished as NCHRP Report 327, "Oetermini 
Asphaltic Concrete Pavement Structural I 
erties by Nondestructive Testing." This n 
which contains user's manuals for both p 
grams, may be obtained through the Tra.11 
tation Research Board, Washington, D.C. 

LOS: 3 

Operating System: IBM PC/MS-DOS 2.0• 

Product# 

MODUL 
PAS EL 

NU LOAD 

Description 

MODULUS, VerA.O 
PASELS, Ver.1.0 

NULOAD is a computerized procedu.re th 
eval.uates the effect of legal load limit cha 
on the (set of 121 life cycle costs of flexibl1 
rigid, andJor composite pavements. Data I 
are interactively input through NULDIN, 
user-friendly processor for NULOAD. Co 
erable input data is required. 

LOS: 3 (from FHWAI 

Operating System: IBM PCJMS-005 z.o .. 
Product# Description 

NULOAD NULOAD, 12/86 
NULOAD.O Documentation 
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PAVECHEK 
Pavechek is .i software package for designing 
interlocking concrete pavements. The struc· 
tura.l design of flexible interlocking concrete 
pavements can be accomplished quickly on 
this menu-driven, PC computer based pro· 
gram. Pavement cross section designs can be 
generated for both new or overlay interlock· 
ing concrete pavements with unbound or 
bound base materials. Various levels of so­
phistication can be used in the program de· 
pending on the level of detail of input d.ita 
available. The design ration.ile is based on the 
widely used 1986 AASHTO "Guide for the 
Design of Pavement Structures". 

LOS: 7 

Operating System: IBM PC!MS·DOS 2.1+ 
(Graphicsl 

Product# Description Price 

PAVECHEK Pavechek, Ver.1.0 555 

Pavement Management 
Forecasting Model 
Pavement Management forecasting Model 
!P'.\IF) is a Lotus 1·2·3 templ.i.te for use in plan• 
ning roadway maintenance and strategies. It 
runs in .i Lotus, Rele.ue 2 environment .1nd is 
completely menu driven. Data on road mainte• 
nance and construction unit costs, pavement 
deterioration rates, future funding estimates 
and current ro•d conditions .ue required. 
B.ued upon three repair strategies, output is 
generated in tabular summaries and graphic: 
plots. It allows ch•nges at any level to iterate 
to desired results. 

Agencies responsible for roadway maintenance 
rel.tied funding dedsions will find it useful to 
compare various .iltematives. The Lotus design 
is included in the appendix for users who 
might modify the algorithms to customized ap­
plications. PMF wu don.ited-by Mr. Willi.tin 
MHsicott of the Metropolitan Area Planning 
Council, Boston. 

LOS:3 

Operating System: IBM POMS-005 2.0+ 

Supporting Softwue: Lotus 1·2·3 

Product# 

PMf 
PMf.D 

Desc:ription 

PMF, Ver. 1.0 
Documentation 

Price 

S40 
$15 

Pavement Management System 
Pavement M•nagement System !PMS> is• de­
cision support tool used to assist management 
responsible for allocating p.tvement mainte­
nance resources. In .a simple view, PMS is a 
process when infon:nation about the pave­
ment system is collected. stol'1!d, .analyud and 
reported. 

This third generation, Version 3.0, <ombines a 
life cycle appro.tch to pavement m•intenance 
with a user·friendly, mouse or keyboard 
driven graphic.ti user interface. This st.tndud 

FAX (904) 392-322"4 

~ystem inclu_des fiVI' modules for analyling 
inventory, history. pavement condition, cost 
and budget, and a knowledge-based ranking 
system. It uses a maintenance priority ranking 
system based upon the data collected and 
stored in the other four modules. In <1ddition. 
the system's modular design allows the inte· 
gration with other software to provide en· 
hanced graphical reports and system perfor· 
mance feedback. 

LOS: 7 <Copyright 1992, Resource Interna­
tional, Inc.) 

Operation System:IBM PC/MS-DOS 3.0+ 

Product# 

PMS 

PMS.GIS 

Description 

PMS 

PMS GIS version 

PMS Pro 

Price 

S695 

52,500 

P\15Pro is a pavement management program 
written in the '.l.ficrosoh Windows environ· 
ment using FoxPro for Windows. The program 
allows the user to completely customize the 
program by defining decision trees. rehabilita­
tion strategies, detenoration curves. deduct 
curves. and costs for different p.ivement types, 
functional classes, and traffic classes. PMSPro 
also contains other methods of calcul,lting 
condition scorl!"s such as: WADOT PSC, FAA 
PCI, PAVER PCI. 

P'.\ISPro enluates ii street network both at the 
project level and the network level. At the 
Project Level, condition scores are used to pri­
oritize streets. Decision trees evaluate the type 
and amount of distreH to select an appropri· 
ate rehabilitation strategy. PMSPro can evalu­
ate all street segments or only those that have 
ch.inged since the last an.tlysis. 

A complete cost accounting package allows 
costs to be adjusted according to the type and 
amount of distress as well as other costs such 
as flagging .ind engineering. 

At the Network Level, a simplified decision 
proctN mes futute calcuLated condition Kores 
to Mlect an appropriate rehabilitation strategy 
and cotL The analysis period can range from 5 
to 80 years. Evaluate by functional class or 
tr.tffic cl.us. C•rry unspent funds forward. Pri· 
oritize by Wont Fint or Last. 

PMSPro also can handle condition surveys or 
ditchn, sidew.alks, street signs and other 
street accessories. A m•intenance module .al­
lows the tricking of put m.tinten.ince and 
costs. 

Compatible with most GIS programs, includ· 
ing Maplnfo from Maplnfo, lnc. A GIS pro­
gram can display p.tvement condition, recom­
mended reh.abilitation strategies, pavement 
types, sign inventory, etc. by connecting the 
datab•ses to• map. 

LOS: 7 <Copyright 1992Cll994, Pavement Engi· 
neers, Inc.I 

Opeuting Software: IBM PC:'.\15-DOS 3.0+ 
Product f 

PMS PRO 
Description· 

PMSPRO Pavement 
\1anagement 

Program Ver. 5.2 

Road Manager™ 

Price 

SLOOO 

The Road Manager'" is .i modulu roadway 
management system. !ts unique features ue the 
ability to include ALL roadway features in the 
evaluation of a road section, a modular design, 
user defined parameten allowing extensive 
customization to fit local conditions and poli· 
cies, and a modem software design using light 
b.u menus, a complete help system and pick 
lists for easy data entry. 

The General Roadwav module serves as the 
"control cente(' for all other modules, record· 
ing road lengths, widths, classifications, etc., as 
well as overall condition indices for eight dif· 
ferent types of roadway features. The General 
Ro.adway module can also be used as a stand 
alone system, suitable for "windshield survey'' 
evaluation of a ro;id network. The Gentrai 
Roadway module is required for all otht1' mod· 
ules. 

The Asphalt Pavement. Roadway Drainage and 
Ro.tdway Utility modules allow the detailed in· 
ventory and evaluation of roadway distresses, 
drainage needs .md utility related futures. 
These modules include a user definable deci· 
sion table that determines recommended re­
pain or maintenance. All calculations related to 
determining a condition index, recommended 
repairs and estimated cost!! ciln be modified by 
the user. 

The Improvement Plan module uses infon:na· 
tion generated in the Asphalt Pavement, Ro.td· 
w;iy Dr.iinage .nd Roadwiy Utility modules to 
develop lists of recommended improvements 
.is well .t!I required budgets to .a.ttain ill given 
network condition level. The computer-gener• 
ilted pla.n for improvements can be overridden 
by the user. The estim.ated deterioration curves 
used by the system in projecting future pi1Ye­
ment and utility patch condition can also be 
modified. 

The Repair History module serve!! as an elec· 
tronic file cabinet, recording ;ill work per­
fonned on a road section as it is completed. The 
Street Diagram module graphicillly display5 
and prints all Drainage and Utility features that 
have been inventoried through their respective 
modules. 

LOS: 7 (Copyright 1989, The Info Center, lnc.l 

Operating System: IBM POMS-DOS 3.0+ 
(64-0K and Ha.rd Diskl 

Produ.ctf DeKription Price 

RMRD General ROildw.ty, Ver. 1.51 5495 
RMAS Asphalt Pavement. S995 

Vu. 1.51 
RMGR Gravel ROild, Ver. 1.51 5495 
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US. Deoorimeit 
Technical Advisory 

of Transpononon 

Federal Hk.;Jtrway 
Administfation 

Swoiect 

CONCRETE PAVEMENT JOINTS 

Class1ticat1on Code Date 

T 5040.30 

Par. 1. Purpose 
2. Cancellation 
3. Background 
4. Transverse Contraction Joints 
S. Longitudinal Joints 
6. Construction Joints 
7. Expansion Joints 
8. Joint Construction 

November 30, 1990 

1. PURPOSE. To provide guidance and reconmendations relating to the design 
and construction of joints in jointed portland cement concrete 
pavements. 

2. CANCELLATION. Technical Advisory T 5140.18, Rigid Pavement Joints, 
dated December 15, 1980, is canceled. 

3. BACKGROUND 

a. The performance of concrete pavements depends to a large extent 
upon the satisfactory performance of the joints.- Most jointed 
concrete pavement failures can be attributed to failures at the 
joint, as opposed to inadequate structural capacity .. Distresses 
that may result from joint failure include faulting, pumping, 
spalling, corner breaks, blow-ups, and mid-panel cracking. 
Characteristics that-~ontribute to satisfactory joint performance, 
such as adequate load transfer and proper concrete consolidation, 
have been identified through research anct field experience. The 
incorporation of these characteristics into the design, 
construction, and maintenance of concrete pavements should result 
in joints capable of performing satisfactorily over the life of 
the pavement. Regardless of the joint sealant material used, 
periodic resealing will be required to ensure satisfactory joint 
performance throughout the life of the pavement. Satisfactory 
joint performance also depends on appropriate pavement design 
standards, quality construction materials, and good construction 
and maintenance procedures. 

DISTRIBUTION • OPI HNG- 4 z 
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b. The most common types ot pavement joints, which are 
defined by their function, are as follows: 

(l) Transverse Contraction Joint - a sawed, for111ed, or 
.. tooled qroove in a concrete slab that creates a 

weakened vertical plane. It requlates the 
location of the cracking caused by dimensional 
changes in the slab, and is by far the most common 
type of joint in concrete pavements. 

(2) Longitudinal Joint - a joint between two slabs 
which allows slab warping without appreciable 
separation or cracking of the slabs. 

(3) Construction Joint - a joint between slabs that 
results when concrete is placed at different 
times. This type of joint can be further broken 
down into transverse and longitudinal joints. 

(4) Expansion Joint - a joint placed at a specific 
location to allow th• pavement to expand without 
damaging adjacent structures or the pavement 
itself. 

4. TBANSVQSE CONTRACTION JOIHTS. The primary purpose of 
transverse contraction joints is to control the cracking 
that results from th• tensile and bending stresses in 
concrete slabs caused by the cement hydration process, 
traffic loadings, and the environment. Because these joints 
are so numerous, their performance significantly impacts 
pavement performance. A distressed joint typically exhibits 
faulting and/or spalling. Poor joint perfor111ance frequently 
leads to further distresses such as corner breaks, blow-ups, 
and mid-panel cracks. Such cracks may themselves begin to 
function as joints and develop similar distresses. The 
performance of transverse contraction joints is related to 
three major factors: 

a. Joint spacing. Joint spacing varies throughout the 
country because of considerations of initial costs, 
type of slab (reinforced or plain), type of load 
transfer, and local conditions. Design considerations 
should include: the effect of longitudinal slab 
movement on sealant and load transfer performance; the 
maximum slab length which will not develop transverse 
cracks in a plain concrete pavement; the amount of· 
cracking which can be tolerated in a jointed reinforced 
concrete pavement; and the use of random joint 
spacings. 

3. t .2 
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(1) The amount of longitudinal slab movement that a joint 
experiences is primarily a function of joint spacing and 
temperature changes. Expansion characteristics of the 
aggregates used in the concrete and the friction between the 

- bottom of the slab and the base also have an effect on slab 
movement. 

(a) Joint movement can be estimated by the following 
equation: 

AL• CL(aAT+E:) 
where: 

AL• the expected change in slab length, in 
inches. 

C • the base/slab frictional restraint factor 
(0.65 for stabilized bases, 0.8 for 
granular bases). 

L • the slab length, in inches. 
a • the PCC coefficient of thermal expansion 

(see Table 1 for typical values). 
4T • the maximum temperature range (generally 

the temperature of the concrete at the 
time of placement minus the average daily 
minimum temperature in January, in •F). 

( • the shrinkage coefficient of concrete (see 
Table 2 for typical values). This factor 
should be omitted on rehabilitation 
projects, as shrinkage is no longer a 
factor. 

TABLE 1. .TYPICAL VALUES FOR PCC COEFFICIENT OF THERMAL 
EXPANSION (a) [1] .. 

Type of Coarse 
Aggregate 

Quartz 
Sandstone 
Gravel 
Granite 
Basalt 
Limestone 

PCC Coeff. of Thermal 
Expansion (10~/.F) 

3.1.3 

6.6 
6.5 
6.0 
5.3 
4.8 
3.8 

Arch
ive

d



FH~A TECH~rCAL AD\"!SCRY T 50J0.3Q 
~ovember 30, 1990 

TABLE 2. 

(2) 

{3} 

(b) While the above equation can be used to estimate 
antic~pited joint movements, it may be worthwhi1e to 
physically measure joint movements in existing 
pavements. These measurements could provide the 
designer with more realistic design inputs. 

TYPICAL VALUES FOR PCC COEFFICIEHT OF 
SHRINKAGE (c) (l] 

Indirect Tensile 
Strength (psi) 

300 (or less) 
400 
500 
600 
700 (or greater) 

PCC Coeff. of 
Shrinkage (in./in.) 

0.0008 
~.0006 
0.00045 
0.0003 
0.0002 

For plain concrete slabs, a maximum joint spacing of 15 feet 
is recoinnended. Longer slabs frequently develop transverse 
cracks. It is recognized that in certain areas, joint 
spacings greater than 15 feet have performed satisfactorily. 
The importance of taking local experience into account when 
selecting joint spacing (and designing pavements in general) 
cannot be overstated. Studies have shown that pavement 
thickness, base stiffness, and climate also affect the 
maximum anticipated joint spacing beyond which transverse 
cracking can be expected. 'Research indicates that there is 
a general relationship between the ratio of slab length (t) 
to the r•dius of relative stiffness (t) and the amount of 
transverse cracking [2]. This research shows that there is 
an increase in transverse cracking when the ratio L/t 
exceeds 5.0. Further discussion is provided in Attachment 
1. . 

For reinforced concrete slabs, a maximum joint spacing of 30 
feet is recommended. Longer slab lengths have a greater 
tendency to develop working mid-panel cracks caused by the 
rupture of the steel reinforcement. Studies have also shown 
that, as the joint spacing increases above 30 feet, the rate 
of faulting increases and joint sealant performance 
decreases [4]. 

3.1.4 
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Random joint spacings have been successfully used in plain 
undoweled pavements to minimize resonant vehicle responses. 
When using random joint spacings, the longest slab should be 
no greater than 15 feet, to reduce the potential for 
transvers~ cracking. Some States are successfully using a 
spacing of 12'-15'-13'-14'. Large differences in slab 
lengths should be avoided. 

While they do not affect joint spacing, skewed joints have 
been used in plain pavements to provide a smoother ride. A 
skew of 2 feet in 12 feet is reconmended, with the skew 
placed so that the inside wheel crosses the joint ahead of 
the outside wheel. Only one wheel crosses the joint at a 
time~ which minimizes vehicle response and decreases 
stresses within the slab. Skewed joints are most commonly 
used when load transfer devices are not present. While 
skewed joints may be used in conjunction with load transfer 
devices, studies have not substantiated that skewing doweled 
joints improves pavement performance and are not 
reconmended. Dowels in skewed joints must be placed 
parallel to the roadway and not perpendicular to the joints. 

b. Load Transfer across the joint. Loads applied by traffic must be 
effectively transferred from one slab to the next in order to 
minimize vertical deflections at the joint. Reduced deflections 
decrease the_potential for pumping of the base/subbase material 
and faulting. The two principal methods used to develop load 
transfer across a joint a.re: aggregate interlock; and load 
transfer devices, such as dowel bars. It is recommended that 
dowel bars be used. 

(1) 

(2) 

Aggregate Interlock. Aggregate interlock is achieved 
through shearing friction at the irregular faces of the 
crack that forms beneath the saw cut. Climate, and 
aggregate hardness have an impact on load transfer 
efficiency. It can be improved by using aggregate that is 
large, angular, and durable. Stabilized bases have also 
been shown to improve load transfer efficiency [14]. 
However~ the efficiency of aggregate interlock decreases 
rapidly with increased crack width and the frequent 
application of heavy loads to the point that pavement 
performance may be effected~ Therefore, it is recommended 
that aggregate ~nterlock for load transfer be considered 
only on local roads and streets which carry a low volume of 
heavy trucks. 

Dowel Bars. Dowel bars should be used on all routes 
carrying more than a low volume of heavy trucks. The 
purpose of dowels is to transfer loads across a joint 
without restricting joint movement due to thermal 
contraction and expansion of the concrete. Studies have 
shown that larger dowels are more ~ffective in transferring 
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loads and in reducing faulting. It is recommended that the 
minimum dowel diameter be 0/8, where 0 is the thickness of 
the pavement. However, the dowel diameter should not be 
less than H inc~es.· It is also reconmended that lS·inch 
long dowels be used at 12-inch spacings. Dowels should be 
placed mid-depth in the slab. Dowels should be corrosion­
resistant to prevent dowel seizure, which causes the joint 
to lock up. Epoxy-coated and stainless steel dowels have 
been shown to adequately prevent corrosion. 

c. Joint Shaoe and Sealant Properties 

(I) 

(2) 

(3) 

The purpose of a joint sealant is to deter the entry of 
water and incompressible material into the joint and the 
pavement structure. It is recognized that it is not 
possible to construct and maintain a watertight joint. 
However, the sealant should be capable of minimizing the 
amount of water that enters the pavement structure, thus 
reducing moisture-related distresses such as pumping and 
faulting. Incompressibles should be kept out of the joint. 
These incompressibles prevent the joint from closing 
normally during slab expansion and lead to spall;ng and 
blow-ups. 

Sealant behavior has a significant influence on joint 
performance. High-type sealant materials, such as silicone 
and preformed compression seals, are recommended for sealing 
all contraction, longitudinal, and construction joints. 
While these materials are more expensive, they provide a 
better seal and a longer service life. Careful attention 
should be given to the manufacturer's recommended 
installation procedures. Joint preparation ·and sealant 
installation are very important to the successful 
performance of the joint. It is therefore strongly 
recoll'lllended that particular attention be given to both the 
construction of the joint and installation of the sealant 
material. 

When using silicone sealants, a minimum shape factor (ratio 
of sealant depth to width) of 1:2 is recommended. The 
maximum shape factor should not exceed 1:1. For best 
results, the minimum width of the sealant should be 3/8· 
inch. The surface of the sealant should be recessed 1/4· to 
3/8-;nch below the pavement surface to prevent abrasion 
caused by traffic. The use of a backer rod is necessary to 
provide the proper shape factor and to prevent the sealant 
from bonding to the bottom of the joint reservoir. This 
backer rod should be a closed-cell polyurethane foam rod 
having a diameter approximately 25 percent greater than the 
width of the joint to ensure a tight fit. 
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{4) When using preformed compression seals, the joint should be 
designed so that the seal will be in 20 to SO percent 
compression at all times. The surface of the seal should be 
recessed 1/8- to 3/8-inch to protect it from traffic. 
Additional information can be obtained from FHWA Technical 
Paper 89-04, "Preformed Compression Seals" (5] for PCC 
pavement joints." 

5. LONGITUDINAL JOINTS 

a.. . Longitudinal joints are used to relieve warping stresses and are 
generally needed when slab widths exceed 15 feet. Widths up to 
and including 15 feet have performed satisfactorily without a 
longitudinal joint, although there is the possibility of some 
longitudinal cracking. longitudinal joints should coincide with 
pavement lane lines whenever possible, to improve traffic 
operations. The paint stripe on widened lanes should be at 12 
feet and the use of a rumble strip on the widened section is 
recommended. 

b. Load transfer at longitudinal joints is achieved through aggregate 
interlock. Longitudinal joints should be tied with tiebars to 
prevent lane separation and/or faulting. The tiebars should be 
mechanically inserted and placed at mid-depth. When using Grade 
40 steel, 5/8-inch by 30-inch or 1/2-inch by 24-inch tiebars 
should be used. When using Grade 60 steel, 5/8-inch by 40-inch or 

· 1/2-inch by 32-inch tiebars should be used. These lengths are 
necessary to develop the allowable working strength of the tiebar. 
Tiebar spacing will vary with the thickness of the pavement and 
the distance from the joint to the nearest free edge. Reconunended 
tiebar spacings are provided in_lable 3. 

c. Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with skewed 
joints, tiebars should not be placed within 18 inches of the 
transverse joints. 

d. The use of corrosion-resistant tiebars is recommended, as 
corrosion can reduce the structural adequacy of tiebars. 

e. It is recorrmended that longitudinal joints be sawed and sealed to 
deter the infiltration of surface water into the pavement 
structur.e. A 3/8-inch wide by 1-inch deep sealant reservoir 
should be sufficient. 
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TABLE 3. MAXIMUM RECOMMENDED TIEBAR SPACINGS (In.) 

Note : 48" maximum spacing recommended. 
~~ ',, 
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6. CONSTRUCTION JOINTS 

a. Transverse Construction Joints 

(1) Transverse construction joints should normally replace a 
planned contraction joint. However, they should not be 
skewed, as satisfactory concrete placement and consolidation 
are difficult to obtain. Transverse construction joints 
should be doweled as described in paragraph 4b{2) and 
butted, as opposed to keyed. Keyed transverse joints tend 
to spa11 and are not recommended. 

(2) It is recommended that transverse construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the transverse contraction joints. 

b. Longitudinal Construction Joints 

(1) 

{2} 

(3) 

(4} 

The decision to use keyed longitudinal construction joints 
should be given careful consideration. The top of the slab 
above the keyway frequently fails in shear. For this 
reason, it is reconrnended that keyways not be used when the 
pavement thickness is less than 10 inches. In these cases, 
the tiebars should be designed to carry the load transfer. 

When the pavement thickness is 10 inches or more, a keyway 
may be used to provide the necessary load transfer. If a 
keyway is to be used, the reconrnended dimensions are shown 
in Figure 1. Keyways larger than the one shown may reduce 
the concrete shear strength at the joint and result in joint 
fa;lures. The keyway should be located at mid-depth of the 
slab to ensure maximum strength. Tiebars are necessary when 
using keyways. Consideration should be given to deleting 
the keyway and increasing the size and/or number of tiebars. 
The additional steel cost may be more than offset by the 
potential savings in initial labor and future maintenance 
costs. 

Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with 
skewed joints, tiebars should not be placed within 18 inches 
of the transverse joints. 

It is essential that the tiebars be firmly anchored in the 
concrete. Tiebars should be either mechanically inserted 
into the plastic concrete or installed as a two-part 
threaded tiebar and splice coupler system. It is 
reconll'lended that periodic pull-out tests be conducted to 
ensure the tiebars are securely anchored in the concrete. 
Attachment 2 describes a reconvnended testing procedure for 
tiebars. 
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F1gure 1. Recoanendtd Keyway Dimensions 

(5) Bending of tiebars is not encouraged. Where bending of the 
tiebars would be necessary, it is reco11111ended that a two­
part threaded tiebar and splice coupler system be used in 
lieu of tiebars. If tiebars must be bent and later 
straightened during construction, Grade 40 steel should be 
used, as it better tolerates the bending. It may be 
necessary to reapply a corrosion-resistant coating to the 
tiebars after they have been straightened. When pull-out 
tests are performed, they should be conducted after the 
tiebars have been straightened. 

· (6) It is reco11111ended that longitudinal construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the longitudinal joints. 

7. EXPANSION JOINTS 

a. Good design and maintenance of contraction joints have virtually 
eliminated the need for expansion joints, except at. fixed objects 
such as structures. When expansion joints are used, the pavement 
moves to close the unrestrained expansion joint over a period of a 
few years. As this happens, several of the adjoining contraction 
joints may open, effectively destroying their seals and aggregate 
interlock. 

b. The width of an expansion joint is typically 3/4-inch or more. 
Filler material is co111110nly placed 3/4· to 1-inch below the slab 
surface to allow space for sealing material. Smooth dowe·ls are 
the most widely used method of transferring load across expansion 
joints. Expansion joint dowels are specially fabricated with a 
cap on one end of each dowel that creates a void in the slab to 
accott111odate the dowel as the adjacent slab closes the expansion 
joint, as shown in Figure 2. 
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Joint filler material 

Dowel bar 

Figure 2. Expansion Joint Detail 

c. Pressure relief joints are intended to serve the same purpose as 
expansion joints, except that they are installed after initial 
construction to relieve pressure against structures and to 
alleviate potential pavement blowups. Pressure relief joints are 
not recorrnended for routine installations. However, they may be 
appropriate to relieve irrninent structure damage or under 
conditions where excessive compressive stresses exist. Additional 
information can be obtained from the FHWA Pavement Rehabilitation 
Manual, Chapter 9. 

8. JOINT CONSTRUCTION 

a. . Concrete Placement 

(1) A prepaving conference should be considered on all major 
paving projects. This conference should include the project 
engineer and the paving contractor and should dtscuss 
methods for accomplishing all phases of the paving 
operation. The need for attention to detail cannot be 
overstated. 

(2) When using dowel baskets, the baskets should be checked 
prior to placing the concrete to ensure that the dowels are 
properly aligned and that the dowel basket is securely 
anchored in the base. It is reco11111ended that dowel baskets 
be secured to the base with steel stakes having a minimum 
diameter of 0.3-1nch. These stakes should be embedded into 
the base a m;nimum depth of 4 inches for stabilized dense 
bases, 6 inches for treated permeable bases, and 10 inches 
for untreated permeable bases, aggregate bases, or natural 
subgrade. A minimum of 8 stakes per basket is recorrnended. 
All temporary spacer wires extending across the joint should 
be removed from the basket. Securing the steel stakes to 
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(3) 

(4) 

(5) 

(6) 

. '(7) 

(8) 

the top of t~e dowel basket, as opposed to the bottom, 
should stabilize the dowel basket once these spacer wires 
are removed. 

Dowels should be lightly coated with grease or other 
substance over their entire length to prevent bonding of the 
dowel to the concrete. This coating may be eliminated in 
the vicinity of the welded end if the dowel is to be coated 
prior to being welded to the basket. The traditional 
pract;ce of coating only one-half of the dowel has 
frequently resulted in problems, primarily caused by 
insufficient greasing and/or dowel misalignment. The dowel 
must be free to slide in the concrete so that the two 
pavement slabs move independently, thus preventing excessive 
pavement stresses. Only a thin coating should be used, as a 
thick coating may result in large voids in the concrete 
around the dowels. 

' 
The placement of concrete at construction joints is 
·particularly crit1·cal. Therefore, care must be taken to 
ensure that only quality concrete is used in their 
construction; i.e., do not use the first concrete down the 
chute, nor the 1 roll 1 from the screed to construct this type 
df jo;nt. The concrete used to construct these joints 
should be the ·same as for the remainder of the slab. The 
practice of modifying the mix at the joints is not 
recommended. 

Careful and sufficient consolidation of the concrete in, the 
area of the joints is essential to good jo·int performance. 
Load transfer across a doweled joint is greatly affected·· by 
the quality of concrete consolidation around the dowels. 
Consolidation also has a direct relationship to concrete 
strength and durability. Concrete strength, in turn, has a 
significant effect on the amount of spalling that occurs at 
the joint. 

The placement of dowels should be carefully verified soon 
after paving begins. If specified tolerances are not be;ng 
achieved, then an evaluation of the dowel'installation, 
concrete mix design, and placement techniques must be made. 
Appropriate corrections should be made to the paving process 
to ensure proper alignment of the load transfer devices. 

When paving full-depth full-width, a mechanical prespreader 
and finishing machine in the paving train can be used to 
reduce drag and shear forces on the dowels. · 

In cases where separate concrete placement is made adjacent 
to previously placed concrete, i.e., tru~k ~limbing lanes.or 
concrete shoulders being placed after mainline pavement, it 
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is important that incompressibles do not enter the 
previously sawed transverse joint reservoir or crack that 
typically forms below the transverse joint reservoir. It is 
recommended that backer rod, tape, or other material be 
placed on the vertical face of the transverse joint at the 
edge of the pavement to prevent mortar from intruding into 
the existing joint. Failure to keep incompressibles out 
could prevent the joint from closing normally during slab 
expansion and may lead to delaminations near the edge of the 
previously placed concrete. 

b. Sawing 

(1) 

(2) 

(3) 

It is recommended that all joints be sawed. The sawing of 
transverse contraction and longitudinal joints should be a 
two-phase operation. The initial sawing is intended to 
cause the pavement to crack at the intended joint. It 
should be made to the required depth, as described later, 
with a 1/8-inch wide blade. The second sawing provides the 
necessary shape factor for the sealant material. This 
second sawcut can be made any time prior to the sealant 
installation. However, the later the sealant reservoir is 
made, the better the condition of the joint face. Both 
sawcuts should be periodically checked to ensure proper 
depth, as saw blades tend to wear, as well as ride up when 
hard aggregate is encountered. Periodic measurement of 

. blade diameter is an excellent method to monitor random 
blade wear, particularly when using gang saws. 

Time of initial sawing, both in the transverse and 
longitudinal directions, is critical in preventing 
uncontrolled shrinkage cracking. It is very important that 
sawing begin as soon as the concrete is strong enough to 
both support the sawing equipment and to prevent raveling 
during the sawing operation. A11 joints should be sawed 
within 12 hours of concrete placement. The sawing of 
concrete constructed on stabilized base must be sawed 
earlier. This is particularly critical during hot weather. 
Once sawing begins, it ·should be a continuous operation and 
should only be stopped if raveling begins to occur. 

For transverse contraction joints, an initial sawcut of 0/3 
is recommended, particularly for pavements with a thickness 
greater than 10 inches. In no case should the sawcut depth 
be less than 0/4. Transverse contraction joints should be 
initially sawed in succession. Skip sawing is not 
reco11111ended, as this practice results in a wide range of 
crack widths that form beneath the sawed joints. These 
varied crack widths affect the shape factors and may cause 
excessive sealant stresses in those joints initially sawed. 
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(4) 

(5) 

(6) 

Attachments 

The dimensions of the final sawing should be dependent upon 
the sealant type and the anticipated longitudinal slab 
movement. 

For longitudinal joints, a minimum initial sawcut depth of 
0/3 is recoirmended to ensure cracking at the joint. The 
maximum sawcut depth should be such that the tiebars are not 
damaged. A final sawing that provides a 3/8-inch wide by 
1-inch deep sealant reservoir should be sufficient. 

When a lengthy period is anticipated between the initial 
sawing of the joint and the final sawing and sealing, 
consideration should be given to filling the joint with a 
temporary filler. This filler material should keep 
incompressibles out of the joint and reduce the potential 
for spalling. 

The use of plastic inserts is not reconmended. Although a 
few States have had success with these inserts, most States 
no longer allow their use. ··Improper placement of plastic 
inserts has been identified as a cause of random 
longitudinal cracking [2]. It is also very difficult to 
seal the joint formed by these inserts. 

/,' . ' ~.-x ::-.. , ( ; ~ ·:· ( ~7/ 
/.~·,,.Anthony R. Kane 

; " Assaci ate Administrator far Program 
/.· Deve 1 opment 
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LENGTH 

Studies have shown that pavement thickness, base stiffness, and climate affect 
the maximum anticipated joint spacing beyond which transverse cracking can be 
expected [2). Research indicates that there is a general relationship between 
the ratio of slab length (L) to the radius of relative stiffness (e) and 
transverse cracking. The radius of relative stiffness is a term defined by 
Westergaard to Quantify the relationship between the stiffness of the 
foundation and the flexural stiffness of the slab. The radius of relative 
stiffness has a lineal dimension and is determined by the following equation: 

where 
t •radius of relative stiffness (in.) 
E • concrete modulus of elasticity 

(psi.) 
h •pavement thickness (in.) 
• • Poisson's ratio of the pavement 
k •modulus of subgrade reaction (pci.) 

Research data indicates that there is an increase in transverse cracking when 
the ratio L/t exceeds 5.0. Using the criteria of a maximum L/t ratio of S.O. 
the allowable ·joint spacing would increase with increased slab thickness, but 
decrease with increased ($tiffer) foundation support conditions. The 
relationship between slab length, slab thickness, and foundation support for a 
Lit ratio of S.O is shown below. · 

100 200 , 300 400 500 

K .. value (pci) 
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TIEBAR PULL-OUT TESTS 

Proper consolidation of the concrete around the tiebars is essential to the 
performance of longitudinal construction joints. Adjacent lanes should not be 
constructed until the project engineer has had.opportunity to test the pull­
out resistance of the tiebars. Acceptance of the tiebars shou1d be based on 
the results of the tests for resistance to pull-out. The project engineer 
will select 15 tiebars from the first day's placement, after the concrete has 
attained a flexural strength of 550 psi. The tiebars will be tested to 12,000 
lbs. or to a slippage of 1/32-inch, whichever occurs first. The average of the 
results of these pull-out tests, divided by the spacing of the tiebars, will 
be used to determine the pull-out resistance in lbs. per linear foot. 

If the test results on the first day's placement are well within the test 
requirements shown below, additional testing will be at the discretion of the 
project engineer and will be based on comparison of the installation methods 
and spacings of the first day's placement with subsequent placements. 

If the results of the pull-out tests are less than the minimum requirements 
specified for the width of concrete being tied, the contractor shall instal~ 
additional tiebars to provide the minimum average pull-out resistance 
required. as directed by the project engineer. Testing of the supplemental 
tiebars will be at the discretion of the Engineer. 

Tiebars shall be installed by methods and procedures such that the tiebars 
will develop the minimum average pull-out resistance specified without any 
slippage exceeding 1/32-inch in accordance with the following table: 

Tied Width of Pavement 
(Distance from Joint 
Being Constructed to 
Nearest Free Edge). 

12 feet or less 
Over 12 feet to 17 feet 
Over 17 feet to 24 feet 
Over 24 feet to 28 feet 
Over 28 feet to 36 feet 
Over 36 feet 
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Average Pull-out 
Resistance of 
Tiebars, lbs./L.F. 
of joint, minimum. 

2200 
3200 
4500 
5200 
6800 
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US. Depomnenf 
of TronsportatiOn 

Federal Highway 
Administration 

Sub1ec1 Technical Paper - The Benefits of 
Using Dowel Bars 

From Director, Office of Highway Operations 
Washington, o.c. ·20590 

To Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Memorandum 

Date 

Reply to 
Attn of: 

NAY Ill& 

HH0-12 

Attached for your use are two copies of a technical paper on the benefits of 
using dowel bars in PCC pavements. This paper suggests that dowel bars should 
be used on all pavements, except possibly those with low truck volumes. The 
paper also points out the need for proper installation if the benefits of the 
dowels are to be realized. Many States are experiencing premature deterioration 
of their undoweled PCC pavements. In these cases, we encourage the field offices 
to work with the States in evaluating the merits of dowel bars. 

We suggest that a copy of this paper be forwarded to each division office. 
We appreciate the efforts of the regional offices in reviewing the draft of 
this paper. If you have any questions concerning this paper, or wish to offer 
information relating to recent field experience with the installation of dowel 
bars, please contact Mr. David Law at FTS 366-1341. 

3.2.1 

Arch
ive

d



TECHNICAL PAPER 89-03 -- Benefits of Using Dovel Bars 

Over the past few years, Pavement Division personnel have 
reviewed several sections of undoweled PCC pavements. In 
general, these pavements have experienced a level of 
deterioration due to faulting that is significantly greater than 
that found in comparable sections of doweled PCC pavements. This 
finding has led to a concern over the design and construction of 
undoweled pavement sections. The purpose of this brief paper is 
to illustrate the benefits of using dowels on jointed PCC 
pavements, particularly on those routes carrying a large number 
of trucks. 

For jointed PCC pavements to perform satisfactorily, traffic 
loads must be effectively transferred from one slab to the next. 
Without adequate load transfer, the pavement is subjected to a 
variety of distresses, such as pumping, faulting, and corner 
breaks. There is considerable disagreement on how load transfer 
should be obtained. one school of thought is to rely on 
aggregate interlock in combination with short joint spacings, 
skewed joints, and stabilized subbases. The other school of 
thought is to rely on load transfer devices, such as dowel bars. 

Aggregate interlock is ineffective at crack widths greater than 
0.035 inch. A smaller crack width, generally 0.025 inch, is 
considered necessary for satisfactory long-term performance of 
undoweled pavements. An Iowa DOT study'1> of undoweled pavements 
concluded that "from measurements of joint openings it appears 
doubtful that aggregate interlock is maintained even by joints 
spaced at 20 ft." When measured beneath the sawed portion of the 
joint, over 90% of the joints had crack widths in excess of 0.06 
inch. In order to limit crack widths to 0.035 inch over a 
temperature range of 60-80 Fahrenheit degrees, joint spacings in 
the range of 6 to 11 feet are needed. such a spacing is not 
considered practical. Properly sized dowels, on the other hand, 
provide effective load transfer at reasonable joint spacings. 
Maximum joint spacings of 15-20 ft. and 30-40 ft. are recommended 
for plain and reinforced pavements respectively. 

The use of dowels has been shown to reduce faulting. A Florida 
DOT study<2> concluded that "doweled contraction joints fault less 
than non-doweled contraction joints." A Georgia DOT study'3

) of a 
project on I-85 found that "dowel bars were effective in reducing 
the faulting at the contraction joints." The Wisconsin DOT 
conducted a condition survez of their Interstate system. One of 
the findings of this study< 4 was that "building nonreinf orced 
concrete pavements with additional thickness (2-3 inches) in lieu 
of using positive load transfer devices (dowel bars) at 
transverse contraction joints is not successful in preventing or 
reducing joint faulting to an acceptable level during a 
pavement's life." Faulting at the joints was notably absent 
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during the AASHO Road Test. One transverse joint faulted 
seriously, but investigation showed that the joint had been 
accidently sawed at some distance beyond the end of the dowel. 
over the two-year test period, there were no other cases of 
measurable faulting at the joints, all of which were doweled. 
Based on road tests performed at the NARDO track in Italy, the 
XVIII World Road Congress reported that dowels siqnif icantly 
increased the pavement service lifecs> 

Dowels reduce deflections at the joint, which in turn reduce the 
magnitude of concrete flexural stresses. These deflections and 
stresses are reduced due to the load being more effectively 
shared with the adjoining slab through shear and bending stresses 
in the.dowel itself. Reduced concrete flexural stresses increase 
the fatigue life of the pavement and thus extend its service 
life. A theoretical analysis indicates that a 10" doweled slab 
with sot load transfer will have the same deflection as a 12" 
undoweled slab with only 40t load transfer. Dowels can also 
reduce the potential for premature failure due to corner breaking 
caused by loss of subgrade support through pumping. 

When dowels are properly designed and installed, they can reduce 
faulting and increase the pavement's service life. When they are 
not, dowels can cause premature failure of the pavement in the 
vicinity of the joint. Dowels too small in diameter to handle 
the necessary stresses have resulted in premature joint failures. 
Excessive concrete bearing stresses have crushed the concrete 
around the dowels and allowed faulting to occur. Considerable 
research has been performed recently which supports the use of 
larger bars (1-1/4 to 1-1/2 inch). The AASHTO Gui4• for Design 
of Pavement Structures recommends a dowel diameter of 1/8th the 
pavement thickness, with the dowels placed near the center of the 
slab to minimize bending stresses. Most states are currently 
using, as a minimum, 1-1/4 inch diameter bars, with qood results. 
Most States are using dowels 18 inches long spaced at 12 inches 
and are reporting no problems. 

Dowels should also be corrosion-resistant. The use of epoxy­
coated or stainless-steel dowels has been shown to provide the 
necessary resistance to corrosion. It is important that a bond­
breaker be applied to the dowels to allow the slabs to freely and 
independently expand and contract without developing restraint 
forces. This bond-breaker should be applied to provide a thin 
but uniform coating. 

Many of the past performance problems associated with doweled 
joints were the result of excessive joint spacings, ranging from 
60 to 100 ft. The trend to plain doweled slabs with joint 
spacings of 15 to 20 ft. eliminates many of these problems. 
Shorter joint spacings result in smaller crack widths, which 
reduce the stresses acting on the dowels. The shorter spacing 
also reduces slab movement, which makes dowel alignment less 
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critical, as the restraint forces due to misalignment are 
directly proportional to the amount of slab movement. In 
addition, the effect of two slabs acting as one as the result of 
a locked or "frozen" joint is not as severe for the shorter slab 
lengths. 

In order to perform satisfactorily, dowels must also be 
reasonably aligned. The prevailing practice is to specify dowel 
alignment tolerances on the order of l percent, or roughly 1/8-
inch .per foot. This frequently results in a high percentage of 
the dowels being "out of specs" and gives the impression that 
obtaining proper dowel alignment is very difficult. Studies<•H7 > 
suggest that the alignment tolerances can be relaxed. FHWA now 
recommends an alignment tolerance of 1/4 inch per foot and will 
be evaluating the possibility that these tolerances can be 
further relaxed. It is recognized that the problems with 
misaligned dowels are generally the result of gross misalignment 
occurring during concrete placement. Equipment to precisely 
measure compliance with alignment tolerances after concrete 
placement are not readily available. However, it is recommended. 
that the completed pavement joints be inspected using a metal 
detector to verify that no significant dowel misalignment has 
occurred. 

The use of mechanical dowel bar inserters holds promise for the 
improved installation of dowel bars. Two manufacturers, Guntert­
Zimmerman and Gomaco, have developed and are marketing new 
automatic inserters. It is their claim that these inserters are 
capable of placing dowels more efficiently and at less cost than 
basket assemblies without sacrificing placement accuracy. 

Construction Technology Laboratories was recently retained to 
monitor the results of the placement of dowels using these new 
machines. The Guntert-Zimmerman inserter was evaluated on 
projects in Texas and Wisconsin and the Gomaco inserter was 
evaluated on an Idaho project. The placement of dowels using 
basket assemblies was also monitored in Texas and Wisconsin. 
Preliminary findings indicate that the inserters placed the 
dowels with approximately the same accuracy as dowels placed 
using basket assemblies. Cost figures from the Wisconsin study 
indicate that a savings of approximately $ 0.35 per sq. yd. of 
concrete pavement was obtained by using the dowel implanter in 
lieu of dowel baskets. 

The use of dowels is strongly encouraged on all pavements except 
possibly those with very low truck volumes. Dowels can provide a 
higher serviceability level over a longer period of time than 
pavements relying only on aggregate interlock for load transfer. 
Dowels can minimize pavement distress caused by overloads or 
heavier loads travelling by permit. 
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TBCJDIICAL PAPBR 89-04 -- PREFORMED COMPRESSION SBA.LS FOR PCC 
PAVEMENT JOINTS 

Joint sealants for jointed concrete pavements are intended to 
prevent, or at least deter, the intrusion of water and 
incompressibles into the joint and pavement structure. Water 
entering a joint can lead to pumping and faulting, while 
incompressibles in a joint can cause spalling and blow-ups. A 
joint sealant must be capable of remaining in firm contact with 
the concrete at the faces of the joint while withstanding 
repeated expansion and contraction of the pavement slabs due to 
thermal variations. There are two types of joint sealants which 
are currently recognized as having the potential for satisfactory 
long-term performance. These are the preformed compression seals 
and the low-modulus silicones. The purpose of this technical 
paper is to discuss key factors in the design and installation of 
the preformed compression seals. 

PESIGN; Preformed compression seals should be designed so that 
the sealant will be in compression at all times. These seals are 
typically manufactured from a neoprene compound and factory 
molded into a web design. The seal is compressed and inserted 
into the pavement joint. These compressed webs exert an outward 
force which keeps the seal tightly pressed against the joint 
faces, thus effectively sealing the joint. As long as these 
seals are in compression, they will generally be effective. If 
compression is lost, they will fail. It is essential to maintain 
a good uniform seal between the joint faces and the compression 
seal. 

Generally, compression seals function best when compressed 
between 20 percent and 50 percent of their nominal width. This 
range will vary slightly with manufacturer and the seal 
dimensions. Compressive forces less than 20 percent may not be 
sufficient to hold the sealant in place. If the seal is exposed 
to compressive forces qreater than 50 percent for an extended 
period of time, it may undergo a compression set. Compression 
set occurs when the seal doesn't recover to its initial position. 
once it undergoes compression set, the seal will not expand as 
the joint opens, resulting in a total loss of compression and 
joint sealant failure. 

When designinq joints using compression seals, the anticipated 
joint movement, the uncompressed width of the compression seal, 
and the joint width must all be determined. The first step is to 
determine the anticipated joint movement, using the following 
equation: 

~L = CL * (aAT+£) 
where: 

AL is the anticipated amount of joint movement. 
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C is the slab/subbase frictional restraint factor 
(0.65 for stabilized subbases, o.s for granular 
subbases). 
L is the joint spacing, in inches. 
a is the PCC coefficient of thermal expansion 
( 4.5-6.5 x10•). This coefficient is primarily 
affected by aggregate type. It generally ranges 
from 5x10~/°F for the carbonaceous aggregate mixes 
to 6xl0~/°F for the siliceous aggregate mixes. 
For further information, see Reference #1, pages 
151-152. 
~T is the maximum anticipated temperature range, 
generally the mean maximum daily temperature for 
the hottest month minus the mean minimum daily 
temperature for the coldest month. 
E is the shrinkage coefficient of concrete 
(O.S-2.5 x10•). This factor is ignored on 
rehabilitation projects, as drying shrinkage has 
already taken place. 

The second step is to select the uncompressed width of the 
compression seal. The sealant manufacturers have information 
available which should be used in this selection process. If ~L 
is the amount of joint movement and W is the width of the 
uncompressed seal, then AL+W should be less than or equal to the 
allowable movement of the compression seal. This range of 
allowable movement should be obtained from the sealant 
manufacturer and typically varies from so percent maximum 
compression to 20 percent minimum compression. If ~W is too 
large, then either the amount of joint movement should be reduced 
by decreasing the joint spacing or the width of the compression 
seal should be increased. The width of the uncompressed seal can 
be determined from the following equation: 

W ~ .6L + ( c_ - C..) 

where: 

W is the width of the uncompressed seal. 
hL is the anticipated amount ot joint movement. 
C.. is the maximum recommended compression of the 
seal, as a decimal (typically 0.5). 
c_. is the minimum recommended compression of the 
seal, as a decimal (typically 0.2). 

The final step is to select the joint width, based on the width 
of the compression seal and the anticipated temperature of the 
pavement at the time of sealant installation. (This need only be 
a rough estimate.) An approximate installation temperature is 
necessary so that the compression seal can be installed at the 
proper compression. Warmer installation temperatures necessitate 
greater initial compression, as the pavement is closer to its 
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maximum expansion. This will allow the seal to remain 
sufficiently compressed durinq cold weather. Conversely, cooler 
temperatures require a lower initial compression, as the pavement 
is nearer its maximum contraction. This will prevent the seal 
from underqoinq excessive compressive forces durinq hot weather. 
The width of the joint sawcut can be determined from the 
followinq equation: 

Sc = (1 - Pc) * W 

where: 

Sc is the width of the joint sawcut. 
Pc is the percent compression of seal at 
installation, expressed as a decimal. 
w is the width of the uncompressed seal. 

Pc•c.+ 
[

Install temp - Min templ 
Maximum temp - Min tempj 

* (c_ - Cm1n) 

It should be pointed out that this procedure is approximate: saw 
blades and compression seals are only available in a limited 
number of widths. This desiqn procedure is not dependent upon 
precise temperature predictions and minute variations in joint 
widths. 

Since the pavement temperature at the time of seal installation 
is not known at the desiqn phase, it is recommended that the 
desiqn be flexible enouqh to allow for installation of 
compression seals over a wide ranqe of temperatures. This can 
best be achieved by reducinq the joint spacinq, preferably to 30 
feet or less, as shorter joint spacinqs siqnificantly reduce the 
amount of joint movement. Selectinq a compression seal one or 
two sizes larqer than the minimum required by ~L+W will reduce 
the sensitivity of the desiqn to the installation temperature. 
Reqardless, it may still be necessary to either vary the joint 
width to account for the pavement temperature at the time of seal 
installation or to prohibit the installation of compression seals 
durinq certain temperatures (i.e., less than 45.F). 

Differential vertical movements at the joint also affect seal 
performance. The qreater the vertical movement, the qreater the 
potential that the seal will "walk" up and out of the joint. 
Doweled joints will reduce vertical movements and are recommended 
when usinq compression seals. 

compression seals should not be used within 100 feet of expansion 
joints. Joints near expansion joints can be expected to expand 
sufficiently to allow these seals to loosen and pop out. 
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INSTAT.TATIQN; Proper construction techniques must be followed to 
ensure that the compression seals will perform as intended. 
Improper installation procedures are a primary cause of premature 
failures ot these seals. Close attention must also be paid to 
the manufacturer's recommendations. 

The joint faces must be vertical, so that the seal does not work 
itself up and out of the joint. Any spalls at the joint should 
be patched prior to installation of the compression seal. 
(Spalls less than 1/4-inch may remain; however, the seal should 
be recessed sufficiently to avoid the spalled area.) 
Irregularities in the joint width could reduce the pressure on 
the seal to the point that it would no longer remain in 
compression. 

It is recommended that the concrete surfaces at the joint be dry 
prior to installation of the compression seal. The joint should 
be air-blasted to remove any debris. Both the air temperature 
and the temperature of the pavement should be above freezing. 
Prior to installing the compression seal, a lubricant-adhesive 
should be applied to either the joint faces or the seal. This 
material primarily serves as a lubricant to facilitate the 
installation process. This material also cures to form a weak 
adhesive, which helps keep the seal at the proper height. 
However, it does not provide any tensile strength. 

The compression seal should be adequately recessed, so that it 
won't be damaged by traffic. The joint edge may be beveled to 
reduce spalling. A 1/4-inch radius bevel or a 1/8-inch straight 
bevel is sufficient. The compression seal should be recessed 
approximately 1/8-inch below the bottom of the bevel. When the 
joint edge is not beveled, the seal should be recessed from 
1/8-inch to 3/8-inch beneath the top of the slab. The seal may 
be recessed up to 1/2-inch if grinding of the concrete pavement 
is anticipated in the future. While this additional depth should 
prevent the seal from being damaged by the grinding operation, it 
may allow incompressibles to accumulate and cause spalling. The 
joint reservoir should be deep enough to allow the seal to be 
compressed without extruding to an elevation where it will be 
exposed to traffic. 

care should be taken to not stretch the seal during the 
installation process. A stretched seal will not perform as well 
or as lonq as a properly installed seal. The seal should also 
not be twisted, as intimate contact must be maintained between 
the seal and joint faces over the full length of the seal. Most 
compression seal manufacturers have developed installation 
equipment which do not stretch, twist or damage the seals. This 
type of equipment should be used. 
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When sealing a width of two lanes or less, splices should not be 
permitted. When sealing more than two lanes, one splice may be 
permitted; however, the contractor should closely follow the 
manufacturer's recommendations for splicing. 

Close inspection of the installation procedure is necessary to 
ensure that the seals will perform as intended. The inspector 
should verify that the pavement joint is sawed to the proper 
width and depth, and that the compression seal is the correct 
width prior to commencing sealing. The tolerance for the joint 
width should be ± 1/16-inch. During the installation process, 
the inspector should verify that the seal is not being stretched. 
This can be done by comparing the distance between two marks on 
the surface of the seal measured before and after installation. 
The inspector should also visually inspect the compression seal 
to ensure that it has not been twisted or damaged, and is 
adequately recessed. 

SUHMARY; If properly designed and installed, preformed 
compression seals have the potential to provide excellent 
performance over an extended period. It is not uncommon to find 
compression seals more than 10 years old still performing as well 
as newly installed seals. To ensure this type of performance, 
both the width of the pavement joint and the pavement temperature 
at the time of installation need to be coordinated with the width 
of the compression seal. The joint should be designed and 
constructed so that the compression seal will function entirely 
within the manufacturer's recommended operating range, generally 
20 percent to 50 percent compression of the uncompressed seal 
width. This may necessitate that seal installation be prohibited 
during certain extremes in pavement temperature. Satisfactory 
joint sealant performance is dependent upon good construction 
procedures and proper inspection. 
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SAMPLE DESIGN CALCULATIONS: The design of compression seals is a 
simple procedure. The following examples show how a design 
process could be used. 

EXAMPLB A: 

A State wants to use preformed compression seals on all new PCC 
pavement projects. Their standard design calls for a 60-foot 
joint spacing on a granular base. The expected temperature range 
is from 14"F to 90"F. 

Step 1 - Determine the anticipated joint movement. 
AL = CL ( aAT + i) 

- ( 0.8 ) ( 60 * 12 ) [ ( 5.5*10 .. ) ( 76 ) + ( l.0•10"" ) ] 
= 576 ( 4.18*10"" + 1.0*10"" ) 
= 0.3 inch 

Step 2 - Select width of uncompressed seal. 

(This particular sealant manufacturer recommends an 
operating range of 55 percent to 20 percent) 

w ~ AL + cc_ - Ci...n> 
~ 0.3 + ( o.ss - 0.20 ) 
> 0.3 + 0.35 
> 0.86 inch 

use W = 1 inch 

Step 3 - Select width of sawcut. 

[
Ins;a11 temp - Min temQl 
Maximum temp - Min teml!J * (C- - C1111n) 

Sc • ( l - Pc ) * W 

Case 1: Installation temperature • so·F 

Pc - 0.2 + [ ( 66 + 76 ) * ( o.ss - 0.2 ) ] -0.2 + ( 0.87 ) * ( 0.35 ) -o.so 

Sc -( 1 - o.s ) * 1 
= o.s inch 

Case 2: Installation temperature = 4o•p 

Pc = 0.2 + [ ( 26 + 76 ) * ( 0.55 - 0.2 ) ] 
= 0.2 + ( 0.34 ) * ( 0.35 ) -0.32 

Sc = ( 1 - 0.32 ) * 1 
= 0.68 inch 
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BXUPLB Bl 

The State elects to change their design by reducing .the joint 
spacing to 30 feet. 

step l - Determine the anticipated joint movement. 

AL is directly proportional to L; decreasing L by 50 percent 
decreases tJ. L by 50 percent. 
t;,.L = 0.15 inch 

Step 2 - Select width of uncompressed seal. 

w 2:. AL + (C,,_ - Cmm) 
> 0.15 + ( 0.55 - 0.20 ) 

2:. 0.15 + 0.35 
2:. 0.43 inch 

use w = 0.688 inch ( a larger size than necessary 

Step J - Select width of sawcut. 

[Jins~all temp - Min tempLJ Pc = Cm1r1 + · t Maximum temp - Min emp * (C- - Cm1n) 

Sc = ( l - Pc ) * W 

Case 1: Installation temperature = 
Pc - 0.2 + ( ( 66 + 76 ) * ( 

== 0.2 + ( 0.87 ) * ( 0.35 
= 0.50 

Sc = ( 1 - 0.5 ) * 0.688 
= 0.344 inch 

Case 2: Installation temperature = 

Pc = 0.2 + [ ( 26 + 76 ) * ( 
- 0.2 + ( 0.34 * ( 0.35 -0.32 

Sc • ( 1 - 0.32 ) * 0.688 
.. 0.47 inch 
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Because a larger seal was used, would a sawcut width of 
0.375 inch work regardless of the temperature at 
installation? 

Case 1: Insufficient compression 

(Seal width - Max. joint opening (JO,_) 
{ 0.688 - JO,_ ) + 0.688 = 0.2 
JO,_ = 0. 688 - ( 0. 2 ) ( 0. 688 ) 
JO,_ = o. 55 inch 

JO,_ - Sc = allowable movement 
0.55 - 0.375 • allowable movement 
0.175 inch• allowable movement 

-:- Seal width = Cm•n 

0.175 inch~ 0.15 inch (anticipated joint movement) 
The seal will not be undercompressed. 

Case 2: Compression set 

(Seal width - Min. joint opening (JOltllft)) + Seal width • c_ 
( 0.688 - J01111n ) + 0.688 - 0.55 

J01111n - 0. 688 - ( 0. 55 ) ( 0. 688 ) 
Jo. • 0.31 inch 

Sc - J0111111 • allowable movement 
0.375 - 0.31 • allowable movement 
0.065 inch • allowable movement 

0.065 inch~ 0.15 inch (anticipated joint movement) 
The seal may undergo compression set. 

The acceptable installation temperature range 
• [ allowable movement + total movement ] * temp range 
= ( 0.065 + 0.15 ) * 76. 
- 33• 
90• - 33• - 57• 

The seal will not undergo compression set so long as 
the joint is sawed and sealed when the pavement 
temperature is greater than 57•p. It is recommended 
that the specifications be revised to limit the 
installation operation to temperatures above 57.F or 
the design revised to provide a shorter joint spacing. 
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u.s Departmen'I 
ot Tronsportonon 

~Highway 
Administration 

MemorandulT 

subiec1 Examination of Cores from Kansas 1-70 Date J..l. 25 ~ 

Ftom Chief, Pavement Division 
Washington, D.C. 20590 

Reoty to 
Atln Of HH0-12 

To Mr. Thomas J. Ptak, 
Deputy Regional Federal Highway Administrator HE0-07 
Kansas City, Missouri 

Attached is Dr. Stephen Forster•s report on the examination of the concrete 
cores from Kansas I-70 east of Abilene (Kansas Project No. 70-21 K-2588-01). 
Dr. Forster did not find any evidence of 11011 cracking of the aggregate or 
alkali-aggregate reactivity. The crack faces appear rough enough to provide 
load transfer if the cracks remain tight. However, the cracks in these cores 
have opened to the point where load transfer has been lost and the cracks are 
working. 

We are observing a significant number of jointed reinforced concrete pavements 
(JRCP) with working cracks. The two factors believed to be the primary cause 
of working cracks in JRCP are corroded and locked up dowel bars and inadequate 
reinforcement. The introduction of epoxy coated dowels has reduced the risk 
of dowel bar corrosion. However, the procedures used to determine the arrount 
of reinforcement in JRCP are not adequate. 

Reinforcement for JRCP is designed using the subgrade drag theory. The 
procedure does not consider the crack aggregate interlock capability or the 
repeated shear loads from traffic. Also, the subgrade drag theory does not 
directly consider climatic effects. In the absence of a good design procedure 
for the reinforcement in JRCP, we believe the following conclusion from an 
ongoing research study "Performance/Rehabilitation of Rigid Pavements" 
provides good guidance: 

"T~~~ amount of reinforcement appeared to have an effect in controlling 
the amount of deteriorated transverse cracking. Although often 
confounded by the presence of corrosion-resistance dowel bars, pavement 
sections that contained more than 0.1 percent reinforcing steel 
exhibited less deteriorated transverse cracking; sections with less than 
that amount often displayed a significant amount of transverse cracking, 
particularly in cold climates. A minimum of 0.1 petcent reinforcing 
steel is therefore reconmended, with larger amounts required for harsher 
climates and longer slabs." 
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Based on Kansas Standard Plan 707.2, it appears there was approximately 
0.07 percent reinforcing steel in the Kansas I-70 pavement. We recon111end 
that the State consider increasing the amount of reinforcing steel on future 
projects. 

Correction of working cracks is a very costly process. The a,.ilable 
alternatives include installation of retrofit dowels and full-depth patching. 
If the retrofit dowel technique is used, the work should be performed before 
the cr~cks start to deteriorate. A minimum of three dowels is required in 
each wheel pa th. The cost per dowe 1 should be .in the range of $30 to $70, 
depending on the Quantities, 1abor costs, and hardness of the aggregate. When 
the full-depth repair option is selected, work should be performed after the 
distress begins to have a serious impact on pavement serviceability. The use 
of full-depth patching after the distress has occurred is generally the 
preferred alternative for several reasons: (1) It is difficult to predict 
whether the working cracks will result in a significant reduction in pavement 
serviceability. (2) If the rate of serviceability loss is low, the full-depth 
patching can be performed at the same time future rehabilitation needs are 
addressed. 

Attached is a copy of the latest draft of the report for the research project 
"Performance/Rehabilitation of Rigid Pavements." Also attached is infonnation 
on retrofit dowel bar installation. 

Please contact Mr. John Hallin at 366-1323, if you have any Questions 
concerning these comments. 
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Federal Highway 
Adml nlrtratlon 

s..,c.ecr Dowel Bar lnserters 

=·:IT' Chief Pavement Division 

re: Regional Administrators 
Federal Lands Highway Program Administrator 
Attention: Regional Pavement Engineers 

Memorandum 

:.ore February 23, 1996 

<eorv ~0 HNG 40 
Atrl'\. :t· -

By a March 6, 1990. memorandum, Mr. Louis Papet provided a copy of a Wisconsin 
Department of Transportation report on "Dowel Bar Placement: Mechanical Insertion 
Versus Basket Assemblies." Since that time. there appears to have been poor acceptance 
of the use of dowel bar inserters. A recent draft NCHRP report noted that 8 States allow 
the use of inserters. 13 States allow it as an acceptable option. and 20 States do not allow 
their use. 

This technique has been used exclusively 1n some European countries for over 20 years 
with satisfactory dowel placement results. We believe all States should be encouraged to 
make this an allowable option in their specifications. We continue to encourage checking 
of dowel tolerances by probing through the fresh concrete early during the project and 
periodically as the work progresses. We also continue to recommend that when either 
baskets or inserters are used, the location of the dowels in the completed pavement be 
verified using metal detectors, pachometers, and cores. 

If you have any comments or quest1~ns please contact Mr. John Hallin at (202) 366-1323 
or Mr. Roger Larson at (202) 366-1 3:1'5 

•. 
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Subject 

From 

To: 

u.s Deportment 
Of Tr0nspon01100 
Federal Highway 
Administration 

Dowel Bar Inserters 

Chief, Pavement Division 
Washington, D.C. 20590-0001 

Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attention: Pavement Engineers 

Memorandum 

Date 

Reply to 
Attn of: 

MAR 6 1990 

HH0-12 

Attached for your information is a copy of a report prepared by the Wisconsin 
Department of Transportation {WDOT) entitled "Dowel Bar Placement: Mechanical 
Insertion Versus Basket Assemblies." This study found that dowel placement 
accuracy achieved with the mechanical inserters equaled or surpassed the 
accuracy achieved with basket assemblies. As a result, the WDOT now permits 
the use of mechanical dowel bar inserters on construction projects. 

Wisconsin's evaluation of dowel placement accuracy was based on their 
specification, which permits an alignment tolerance of 1/2-inch per dowel. 
This is slightly greater than the 1/4-inch per foot (3/8-inch per dowel) 
recommended in our May 17, 1989, Technical Paper 89-03, Benefits of Using 
Dowel Bars. Wisconsin is using a joint spacing of 12-13-19-18 feet and has 
not reported any distress which would indicate dowel alignment problems. As 
pointed out in Technical Paper 89-03, we are continuing to evaluate the 
specification tolerances for dowel alignment. 

We concur with the WDOT 1 s conclusion that: "The initial set-up of the dowel 
bar inserter with respect to depth of dowel placement is critical at the start 
of each project, and dowel depths should be verified by probing through the 
fresh concrete." We a1so recommend that when either baskets or inserters are 
used, the location of the dowels in the completed pavement be verified using 
metal detectors, pachometers, and cores. 

If you have any questions or comments, please contact Mr. John Hallin at 
366-1323. 
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DOWEL BAR PLACEMENT: 
MECHANICAL INSERTION 

VERSUS BASKET ASSEMBLIES 

FINAL REPORT 

MARCH 1989 
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Dowel Bar Plac~ment: 
Mechanical Insertion Versus Basket Assemblies 

Final Report 
Project I.O. 0624-32-08 

Study No. ss-10 

Workplan and Proiect Coordination by: 
Ashwani K. Sharma 

Research Project Engineer 

Analysis and Report by: 
James M. Parry, P.E. 

Pavement Monitorinq Engineer 

February 1989 

Wisconsin Department of Transportation 
Division of Highways and Transportation Services 

central Office Materials 
Applied Research and Pavement Management Sections 
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ABSTRACT 

A mechanical dowel bar inserter was used on three highway 
construction projects in Wisconsin in 1987 and 1988. Coring was 
performed on these projects, and on three projects where dowel 
basket assemblies were used, to determine the dowel placement 
accuracy of both techniques. Study results indicate that the 
dowel placement accuracy achieved with the mechanical inserter 
e_fil.l:aled or surpassed the accuracy achieved with basket ·~ 
assem~lies. Based on the results of this study, the mechanical 
dowel bar inserter will be allowed as an equal alternate to 
basket assemblies on 1989 construction projects in Wisconsin. 

There were some problems on the initial projects where"'the 
mechanical inserter was used, including occasional missing 
dowels, improper location of sawed joints with_respect to the 
location of the dowels, and voids rn the concrete above the ends 
o~he dowel bars. However, with continued refinement of 
construction techniques by the contractors and careful inspection 
by WisDOT construction personnel, it is believed that these 
problems associated with the new technology can be reduced or 
eliminated on future projects. 
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INTRODUCTION 

Traditionally, the dowel bars at Portland Cement Concrete (PCCJ 
transverse pavement joints have been placed using wire basket 
asse~~lies, which are staked to the base prior to paving. Dowel 
basket asse~~lies are expensive, and their placement is labor 
intensive. For at least three decades, contractors and equipment 
manufacturers have been trying to develop a piece of paving 
equipment which can accurately place dowels in the plastic 
concrete at transverse joints, to eliminate the need for dowel 
baskets. 

In the days of side form paving, a machine was developed and used 
in several states that was doing an acceptable job of vibrating 
dowels in ahead of the final finishing machine, but with the 
advent of slipform paving this machine proved unsatisfactory. lf 
the dowels were placed between the spreader and the slipform, the 
dowels tended to settle or move horizontally when the slipform 
passed over them. If the dowels were vibrated in behind the 
slipform paver, there was a depression at the joint location 
which could not be removed by hand finishing with a 
straightedge.(l) 

In recent years many states, including Wisconsin, are specifying 
dowels in all transverse joints on heavily trafficked PCC 
pavements, due to excessive faulting which has occurred on 
existing pavements without dowels. Shorter joint spacings are 
now also commonly used, which require many more dowel baskets ~ 
mile of pavement. These changes in design policy have stimulated 
even greater interest in developing a mechanical dowel bar 
inserter that will work with a slipfonn paver. 

For several years a mechanical dowel bar inserter made by Guntert 
& Zimmerman has been used in Europe with reported success. A 
Wisconsin paving contractor purchased one of these machines, and 
was granted an opportunity to use it on an experimental basis on 
a project on I-90 at Janesville in 1987. construction Technology 
Laboratories, Inc., of Skokie, IL (CTL) was retained to conduct a 
study of the dowel placement accuracy of the inserter versus 
baskets on the Janesville project, using a ground penetrating 
radar system. 

The report from this study was reviewed by WisOOT staff, and the 
study results were found to be inconclusive. This was 
principally due to shortcomings of the ground penetrating radar 
technology used in the study. The problems included lack of 
precision of the measurements for some of the dowel placement 
parameters, and marginal correlation between the radar data and 
coring results. Consensus opinion of the WisOOT staff was that 
additional investigation was needed before the dowel inserter 
could be approved for general use. 

Numbers in parentheses denote references given at end of repor~ 
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In July of 1988 this need for additional information was 
addressed when the workplan for the current study was developed. 
C6ring was chosen as the method to be used for evaluation of 
dowel location despite the destructive nature of the testing, 
because of the precise and accurate results which could be 
obtained. Two additional pavements were constructed using the 
dowel inserter in 1988, so a more broad-scaled investigation was 
now possible. The purpose of the current study is to determine 
whether the dowel bar inserter is acceptable as an equal 
alternate to dowel baskets for future WisDOT paving projects. 

The report by Construction Technology Laboratories, entitled 
"Field Evaluation of Dowel Placement along a Section of I-90 Near 
Janesville, Wisconsin", which was the final report for the radar 
study, will be hereafter refered to as the CTL report.(£) 
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SAMPLING AND CORING PROCEDURES 

Number of Proiects: Since three dowel inserter projects were 
available for ev3luation, three additional independent projects 
using dowel baskets were also selected for this study. The 
comparison section with dowel baskets on the I-90 Janesville 
dowel inserter project was not included in this study due to 
reports from field personnel that unusual care ~as taken in 
placing the baskets on that project. The six projects that were 
selected for this study are described in Ta=le 1. 

Number of Dowels per Proiect: To achieve good statistical 
reliability while keeping costs and coring damage down to a 
reasonable level, a nominal sample size of 90 dowels per project 
was selected. 

Location of Test Joints: The test joint locations on each 
project were selected in such a manner so that a representative 
sample would be collected. The optimum procedure would have been 
to select joints at random intervals throughout the project, but. 
traffic control cost constraints dictated the need to concentrate 
the testing in limited test sections. Three test sections were 
designated for each project. The test sections were located a 
mile apart, and were located in the central portion of the 
project. Spreading the test sections out in this manner assured 
that all test joints would not fall in a single isolated problem 
area of the project. Central location of the test sections on 
the project assured that samples would not be taken near the ends 
of the project, where "start-up" paving problems typically occur. 
The location of the starting points for each of the test sections 
on each of the projects are given in Table 2. 

A total of 15 test joints were designated in each test section. 
To assure equal rotation through the 4-joint repeating random 
skewed joint spacing pattern, every third joint in the test 
section was designated as a test joint. 

Location of Test Dowels in Test Joints: At each test joint, one 
dowel was tested in the passing lane, and one dowel was tested in 
the driving lane. This was done to assess the relative placement 
error as it varied across the test joint. On the south Madison 
Beltline project, which had three lanes per direction, testing 
was confined to the two adjacent lanes (closest to the median) 
which were paved simultaneously with the dowel bar inserter. 

The lateral position of each of the dowels across the pavement 
was identified by numbering the dowels for each lane in ascending 
order from the shoulder to the longitudinal joint between the two 
lanes, as shown in Figure 1. The lateral position of the test 
dowels for all successive test joints on a project was determined 
by rotating through the random number sequence shown in Table 3. 
This assured even representation in the sample for all dowel 
positions across the lanes. 
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Coring Procedure: A metal detector was used to locate the 
designated test dowel at the test joint. Partial depth core 
holes, centered over the ends of the dowel, were then drilled 
down to the depth of the dowel. The concrete core was then 
snapped off at the depth ~f the dowel, exposing the upper portion 
of the ends of the dowel bar for location measurements. 

Measurements Collected for Test Dowels: The following 
measurements were collected for each end of each test dowel. 

Vertical position: The distance from the top of the dowel 
end to the pavement surface was measured directly with a 
tape measure, either from the core or the core hole. These 
measurements were used to determine the average depth and 
vertical rotation of the dowels. 

Lateral position: The distance from the center of the dowel 
end to the shoulder edge of the lane was measured using the 
following procedure. A two-foot carpenter's level was 
fitted with a custom-built tripod with leveling screws. A 
small black mark was made at the center of the dowel end. 
To project a vertical line above the dowel center, the level 
was plumbed vertically and the edge of the level was sited 
in to line up with the mark on the dowel. An eight-foot 
straightedge was laid longit~dinally at the shoulder edge of 
the pavement. A tape measure ~as stretched transversely 
along the pavement surface from the siting edge of the level 
to the straightedge at the shoulder, and the resulting 
measurement was defined as the lateral position. These 
measurements were used to deter:wine the horizontal rotation 
of the dowels. 

Lonaitudinal ~osition: The distance from the end of the 
dowel to the sawn joint was measured using the following 
procedure. To project a vertical line above the end of the 
dowel, the same mounted carpenter's level was plumbed and 
sited in to line up with the end of the dowel. A tape 
measure was laid on the pavement surface directly over and 
parallel to the dowel from the siting edge of the level to 
the center of the sawn joint. The resulting measurement was 
defined as the longitudinal position. These measurements 
were used to determine the longitudinal offset from the 
center of the dowel to the sawn joint. 

Dowel Placement Parameters Evaluated: The four dowel placement 
parameters evaluated in this study are defined below. 

Note that lateral spacing of the dowels was not evaluated in this 
study, because consecutive dowels across a single joint were not 
cored. Lateral spacing is not an especially sensitive parameter, 
and previous WisOOT coring on basket projects and the CTL report 
on the Janesville inserter project both showed no problem with 
meeting the contract specification (12" plus or minus 1") for 
lateral spacing. 
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The dowel placement parameters are illustrated in Fiqure 2. 

Vertical translation: This is defined as the average depth 
of the dowel, measured from the top of the dowel to the 
pavement surface. 

Vertical rotation: This is defined as the difference ~n 
depth (vertical position) between the opposite ends of the 
dowel. 

Horizontal rotation: This is defined as the difference in 
lateral position between opposite ends of the dowel. 

Longitudinal translation: This is defined as the 
longitudinal offset between the midpoint of the dowel and 
the sawn joint. 
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PLACEMENT TOLERANCE SPECIFICATIONS 

The exact placement tolerance specifications used for this 
analysis are not critical, because the principal objective of 
this study is to compare the relative performance of the two 
dowel placement techniques. However, tolerance specifications do 
provide a useful frame of reference for this performance 
comparison, so the following specifications were used. 

Vertical Translation: Specifications for this parameter were 
included in the construction contracts for all six projects in 
this study. The specifications consisted of a target depth for 
the dowels, and an allowable range of deviation. For the two 
1987 construction projects, the I-90 Janesville project and the 
West Madison Beltline project, the target depth specified called 
for the dowels to be centered 1/2 inch above the mid-depth of the 
slab. Fo.r the four 1988 construction projects, the target depth 
specified called for the dowels to be centered at the mid-depth 
of the slab. For the I-90 project, the allowable range of 
tolerance for dowel depth was plus or minus l inch from the 
target depth. The same tolerance ranges were used in this 
analysis for the other five projects in the study. 

Vertical Rotation: The tolerance specified in the CTL report for 
the I-90 project allowed l/2 inch of vertical deviation from the 
true longitudinal axis of the pavement. This same tolerance was 
used for analysis of all of the projects. 

Horizontal Rotation: The tolerance specified in the CTL report 
for the I-90 project allowed 1/2 inch of horizontal deviation 
from the true longitudinal axis of the pavement. This same 
tolerance was used for analysis for all of the projects. 

Longitudinal translation: No specification was established for 
this placement parameter in the CTL report for the I-90 project. 
However, it was cited in a recent FHWA publication that it was 
necessary to have 6 inches of dowel on each side of the joint for 
effective load transfer and joint life.(~) Dowels longer than 
12 inches are used in practice to allow leeway for joint sawing 
errors. Thus, for 18-inch dowels, a longitudinal offset of 
3 inches in either direction is tolerable, and adequate load 
transfer is still provided. This tolerance was used for all 
projects in this analysis. 

3.5.11 

Arch
ive

d



ANALYSIS OF PERFORMANCE 

The coring results and statistics are summarized in Table 4 fC\_ 
all six projects. A detailed listing of all dowel locations a~ 
measurements is provided in Appendix A. 

The types of analysis that were performed for each of the dowel 
placement parameters included the following areas. A basic 
analysis of averages and distribution densities was conducted 
using means and standard deviations, and these statistics are 
included in Table 4. 

Additionally, analysis was performed on the direction of 
deviation from the optimum dowel position (e.g. rotated left or 
right, rotated up or down, longitudinally offset forward or 
backward: with respect to the direction of paving). For all 
dowel placement parameters on all projects, the data had 
approximately balanced normal distributions which were centered 
at or near the optimum dowel position. The lack of skewed 
distributions and lack of distributions centered well away from 
the optimum position indicate that the variation is due to normal 
random fluctuation of the two dowel placement methods. It 
indicates that no pervasive systematic problems exist in either 
of the dowel placement processes which would caused skewed data. 

Analysis of directional deviation of the dowel placement 
parameters versus the lateral position of the dowels across the 
roadway was also conducted. Again, for all placement paramete 
on all projects, the lateral position of the dowels across the 
roadway had no significant effect on the placement parameters of 
the dowels, indicating no pervasive systematic problems in either 
of the dowel placement processes. 

Vertical Translation: First, the distribution of dowel depths 
was examined. The standard deviations for the inserter projects 
(0.20" to 0.46") were comparable or smaller than those for the 
basket projects (0.35" to 0.57"), indicating that the inserter is 
capable of consistent depth placement of the dowels. This does 
not necessarily mean ·that the inserter is better in this respect 
than baskets, because the frame of reference is different for the 
two placement methods. The depth of the dowels was measured from 
the pavement surface down to the top of the dowels. Dowel 
baskets are staked to the base course, thus referenced to the 
bottom of the slab. As the thickness of the pavement varies 
along the length of the project (typically l" or more 
fluctuation), the depth of the dowels, as measured from the 
surface, would vary directly with the fluctuation of the slab 
thickness. The placement of dowels by the inserter is referenced 
to the paver frame, and is thus more closely correlated with the 
pavement surface. Thus, fluctuation in pavement thickness should 
have little or no effect on dowel depths for the inserter 
projects. In conclusion, the dowel bar inserter is capable of 
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placing dowels in a satisfactory close distribution around a 
target depth. 

second, the average placement depth of the dowels ~as examined. 
The mean depth of placement for all of the inserter and basket 
projects was below the target depth specification. However, all 
of the projects except two had had at lea~t 90% of the dowels 
placed within the allowable range of the depth specification. On 
one inserter project and one basket project, a significant 
percentage of the dowels were placed too deep to meet the maximum 
depth specification. 

On the South Madison Beltline project, where the dowel bar 
inserter was used, 39% of the sampled dowels were placed too deep 
to meet the maximum depth specification. Since the dowel bar 
inserter is attached to the frame of the paver, dowel placement 
is therefore referenced to the top of the slab, as discussed 
previously. Thus, placement depth, as measure~ from the top of 
the slab, should not be influenced by fluctuation in overall 
pavement thickness. It is then very probable that the inserter 
was set up incorrectly at the start of the project, and that the 
dowels were consistently placed too deep throuqhout the project. 
The target depth for the dowels was o.s inches higher than the 
mean depth measured. In conclusion, great care must be taken to 
set up the inserter for proper depth placement at the start of 
each project,·· and the setup should be verified by checking dowel 
depths in the fresh concrete during the early stages of pavinq. 

On the West Madison Beltline project, where dowel baskets were 
csed, 39% of the sampled dowels were placed too deep to meet the 
maximum depth specification. since the dowel baskets are staked 
to the base course, dowel placement is therefore referenced to 
the bottom of the slab, as discussed previously. Thus, placement 
depth, as measured from the top of the slab, would directly 
reflect fluctuations in overall slab thickness. The nominal slab 
thickness for this project, which was used for the analysis, was 
10 inches. Based upon the results of the pavement thickness 
quality control coring which was perfor.rned on the project, the 
average actual slab thickness was 10.6 inches in the southbound 
lanes, where the dowel test sections were located. The target 
depth for the dowels was 0.9 inches higher than the mean depth 
measured. This difference is only slightly greater than the 
additional slab thickness measured. Also, if this project had 
been constructed under the 1988 specifications, the target dowel 
depth would have been 1/2 inch deeper, and only 6% of the dowels 
would have been too deep, based on nominal slab thickness. If 
the analysis were based on actual slab thickness, the out of spec 
figure would have been reduced even further. In conclusion, 
while the depth of concrete cover over the dowels fluctuates with 
pavement thickness on basket projects, the depth of concrete 
cover below the dowels remains predominantly consistent and 
adequate. 
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Vertical Rotation: At least 90% of the dowels were placed within 
the specification for vertical rotation on all inserter and 
basket projects. The mean rotation varied from 0.14 to 0.25 
inches on the individual projects. In conclusion, the dowel bar 
inserter performed satisfactorily with respect to the vertical 
rotation parameter. 

Horizontal Rotation: At least 90' of the dowels were placed 
within the specification for horizontal rotation on all of the 
inserter projects. Somewhat surprisingly, 17% to 22% of the 
dowels on the three basket projects did not meet the specified 
limit of l/2 inch of horizontal rotation. The mean horizontal 
rotation for the inserter projects ranged from 0.21 to 0.26 
inches, while the mean for the basket projects ranged ranged from 
0.32 to 0.40 inches. In conclusion, the dowel bar inserter 
performed satisfactorily with respect to the horizontal rotation 
parameter, and was superior to basket performance. 

Longitudinal Translation: This parameter is more closely 
associated with the marking and sawing of joints than with the 
actual performance of the dowel bar inserter itself. However, 
whether placement is by inserter or baskets, it is imperative 
that the sawed joint is aligned properly with the midpoint of the 
dowels. The number of joints which were improperly aligned with 
the dowels ranged from 1% to lSt on the inserter projects, and 
from lt to 22% on the basket projects. Hence, there is 
definitely room for improvement of the joint locating techniques 
used both on inserter and basket projects. An economical means 
by which to improve performance in this area would be to have 
available a magnetic rebar locator on all doweled PCC 
construction projects. This could be used to verify the location 
of the dowels relative to the pre-established locating marks, 
especially in the early stage of paving on a project, until the 
joint marking and sawing procedure is refined to an acceptable 
level. It was the experience of the field crew doing the coring 
for this study, that the position t f the dowel ends could be 
accurately established (plus or minus l inch) using a magnetic 
rebar locator. In conclusion, performance with respect to 
longitudinal translation needs improvement on both inserter and 
basket projects. 

Ride Quality: Concern has been expressed over adverse effects on 
the ride quality of pavements where dowel bar inserters are used. 
Pavement serviceability index (PSI) is measured on all newly 
constructed pavements in Wisconsin to assess the ride quality of 
these projects. These ride quality measurements are collected 
after diamond grinding has been completed to meet the California 
Profilograph based WisOOT smoothness specifications which are 
part of the construction· contract. The total amount of original 
roughness on a project can then be qualitatively assessed as a 
combination of the final PSI, and the amount of grinding which 
was done to achieve that level of ride quality. It is important 
to remember that some or most of the roughness on a project may 
originate from paving problems which are independent of the dowel 
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bar inserter. 

on the first inserter project, I-90 at Janesville, an extensive 
amount of grinding was performed, and the final project PSI was 
only 3.6. Field inspection of this project revealed that, 
especially in the southern portion of the project, some of the 
existing roughness and grinding was related to the dowel bar 
inserter. In some unground stretches, cyclical distortion of the 
longitudinal profile was visually evident in synchronization with 
the pavement joints. In some ground stretches, cyclical 
variation of the depth of grinding was visually evident in 
synchronization with the pavement joints. However, the overall 
majority of roughness and grinding on the project appeared to be 
related to longer wavelength profile distortion, which is 
typically associated with other independent paving problems. 

On the second inserter project, USH 18/lSl from Dodgeville to 
Mt. Horeb, a moderate amount of grinding was performed, and the 
final project PSI was 4.2. Field inspection of this project 
revealed that no significant amount of roughness or grinding was 
synchronized with the pavement joints. The roughness and 
grinding on this project appeared to be all related to longer 
wavelength profile distortion, associated with other independent 
paving problems. Some roughness on this project may have been 
caused by construction problems with the experimental open-qraded 
base course which was used on portions of the project. 

On the third inserter project, the South Madison Beltline, a 
relatively light amount of grinding was performed, and the final 
project PSI was 4.6. With a PSI that high and the small amount 
of grinding, there was not much initial roughness built into this 
project. Field inspection revealed no significant profile 
distortion associated with the joints. The limited grinding 
which was done appeared to be related to longer wavelength 
profile distortion, independent of the joints. 

All three of these projects were paved by the same contractor. 
It is evident that the contractor's ability to produce a smooth 
riding pavement with this paver/dowel inserter combination has 
improved dramatically. In conclusion, by the third project, 
satisfactory performance was achieved with the dowel inserter 
with respect to ride quality. 

Voids: Another concern about the dowel inserter has been the 
quality of consolidation of the concrete around the dowels when 
they are inserted. Significant voids (dime-size or larger -
small buqholes were not counted) were found immediately above the 
ends of 22% to 34% of the dowels on the inserter projects. The 
voids were always very close to the ends of the dowel, within 
about the last inch of the bar. on two of the basket projects, 
no voids were found above the dowels, but on the STH 29 Vinton 
project voids were found above 40% of the dowels. 

With the inserter, the concrete flows upward past the dowel as 
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the dowel is vibrated downward, and the logical location for 
voids is above the dowel, so it is likely that all voids were 
detected on the inserter projects. However, on the basket 
projects the concrete flows downward past the dowel, and the 
logical location for voids is underneath the dowel. Since on_ 
the top of the dowel was inspected for this study, it is possible 
that the void problem may be understated for the basket projects 
due to undetected voids beneath the dowels. Further coring needs 
to be performed on basket projects to assess the extent of this 
problem. 

Voids of this magnitude could affect the load transfer capacity 
of the dowels, so improvement in this area is needed. The amount 
of vibration used on the inserter needs to be increased slightly, 
but caution must be exercised to avoid using excessive vibration 
which may damage the concrete. In conclusion, quality control 
coring should be performed on inserter and basket projects 
constructed in the near future to assess the progress in solving 
this problem. 

Missing powels: Another problem unique to the dowel bar inserter 
is that sometimes dowel bars are missing completely. This is 
difficult to inspect for, when the dowels are immediately buried 
in the concrete, instead of being laid out on the grade ahead of 
the paver. At one test joint on the USH 18/151 project, all of 
the dowels for the joint were missing. Using the magnetic rebar 
locator, it was determined that all of the dowels were present in 
the two adjacent joints, but the 24 missing dowels were not found 
anywhere between the adjacent joints. On the South Madison 
Beltline project, three dowels were missing from one test joi 
and one dowel was missing from another test joint. The three 
missing dowels were located at the edge of the pavement on the 
opposite side of the road from where the inserter distribution 
carriage is loaded. In that instance, it is likely that an 
insufficient number of dowel bars were loaded into the 
distribution carriage for that joint. The single missing dowel 
was located in the first position on the same side of the road 
where the distribution carriage is loaded. In that instance, it 
is possible that the missing dowel resulted from a misfee~ or jam 
of the distribution system. 

If every joint on the three inserter projects in this study was 
to be checked with a rebar locator, it is doubtless that 
additional occurrences of missing dowels would be identified, but 
the extent of the problem is currently not known. However, if 
the frequency of missing dowels noted at the test joints is an 
accurate indicator, then the incidence of missing dowels is 
probably relatively rare and isolated. This issue presents 
another good justification for having a magnetic rebar locator 
available on future inserter projects. The paving inspector 
cannot possibly observe the performance of the inserter on every 
joint. It would be good practice to make random checks with the 
rebar locator to verify dowel presence, and to make more 
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extensive searches if a problem is suspected. If a significant 
number of bars was determined to be missing, payment penalties 
could be assessed by this type of survey. In conclusion, missing 
dowels do not appear to represent a widespread problem on the 
inserter projects in this study, but should still be monitored on 
future projects. 

Other Brands of Dowel Bar Inserters: All of the data and 
conclusions in this study are valid only for the Guntert & 
Zimmerman dowel bar inserter used on the projects in this study. 
If a different brand of dowel bar inserter is used which differs 
greatly in design and operation from the Guntert & Zimmerman 
model, a thorough performance evaluation of the new machine will 
be essential. Performance with respect to any or all of the 
placement parameters discussed in this analysis could be widely 
different for a different machine. 
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SUMMARY AND CONCLUSIONS 

With any new form of technology, there will always be some 
problems that need to be resolved during the initial learning 
period. The dowel bar inserter is no exception to this rule, and 
several problems have been identified with its performance on the 
projects in this study. However, none of these problems appear 
to be insurmountable. Through the continued cooperative efforts 
of WisDOT construction personnel and the contractors, it should 
be possible to improve construction procedures to obtain 
consistent satisfactory results with the dowel bar inserter. 

The primary general recommendation of this .study is to accept the 
dowel bar inserter as an equal alternate to dowel baskets for 
future WisOOT doweled PCC construction projects. The following 
list of specific conclusions and recommendations are based on the 
results of this study. 

1. The dowel bar inserter is capable of consistent satisfactory 
placement of dowel bars with respect to vertical translation 
(average depth), vertical rotation {difference in depth 
between two ends of dowel), and horizontal rotation 
(difference in transverse position between two ends of 
dowel). 

2. The initial set-up of the dowel bar inserter with respect to 
depth of dowel placement is critical at the start of each 
project, and dowel depths should be verified by probing 
through the fresh concrete. 

3 . The construction procedures curr.ently used for marking and 
sawing joints need improvement both for inserter and basket 
projects, to consistently and accurately align the sawn 
joints with the midpoints of the dowel bars. 

4. Having a magnetic rebar locator available on all doweled PCC 
construction projects would be useful in aligning sawn 
joints with the dowel bars and in identifying missing 
dowels. 

s. Ride quality has improved on each successive inserter 
project, and on the latest project, the South Madison 
Beltline, a project PSI of 4.6 was achieved with minimal 
diamond grinding. 

6. Improved concrete consolidation around the dowels is needed 
both on inserter and basket projects, and quality control 
coring is needed to assess future progress in solving the 
problem of voids around the dowel bars. 

7. Problems with missing dowel bars on existing inserter 
projects appear to be infrequent and isolated, but this 
problem should be monitored on future projects. 
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SUMMARY AND CONCLUSIONS (continued) 

s. All of the data and conclusions in this study are valid only 
for t.he Guntert & Zimmerman dowel bar inserter used on the 
projects in this study. If a different brand of dowel bar 
inserter is used which differs widely in desiqn and 
operation from the Guntert & Zimmerman model, a thorouqh 
performance evaluation will be essential. 
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tABLE 1. DESCRIPTION OF PROJECJS INCLUDED IN DOUEl BAR PLACEMENT STUDY 

PROJ£Ct 
lOCATION DESCRIPTION 

···········=·=······················· 
1·90 In Rock County 
(\lestbomd Lanes Ont y) 
Madison • Illinois State line Roed 
(Manogue Roed • USM 14 at Janesville) 

·························•·····•·•··• 
USH 18/151 In DMe County 
CEastbomd lanes Only) 
DodgevH te • Mt. Horeb Road 
(West CO!Mlty line • CfH •PO•) 

...................................... 

USH 12/18 In Dene CCM'lty 
South Medi SOfl Bet tl tne 
(1-90 • South TCM!ne Drive) 

·······•··•··········•·•••••·•·•••••• 
USN 12/14 In DeM Ceutty 
West Madison Beltltne 
(Old SllUlc lnterchqe) 

....................•............•.•• 

StH 29/32 In 
Brown, Shawano, I outag ... le CotSttle1 
Shaweno . Green Bay load 
(SfH 156 . CtH Y) 

...................................... 

lsfH 29132 tn Brown County 

!
Shawano • Creen lay Roed 
(CTK 11U" • USM 41) 

SfAlE I I 
PROJECT CONSlRUC110NI 

DISfRICf NIMBER YEAR 
••••••:r• s:1:ca::::nr:::: ::::::u:r;~•=== 

IOOt-01·75 I 1987 

.......... . -................. ... ,. .......... -......... 

1204·04·72 1988 

............ ... ... ... . .. ..... .. - . ,,, ............... 
1206·02·79 1988 

······-· .............. . ............... 
1 5301·00·71 1987 

···-···· ..................... . ... -................ 
l 9202·02·76 1988 

......... ............. ................ "'. 
] 920l-Ol·77 1988 

PAVING CONTRACJOR 
s::::sa::r:ss:a:cs: 

Jemes Cepe & Sons, 
Inc. 

...................... 

Jnmes Cope & Sons, 
Inc. 

. .................... 
J911M!S Cope & Sons. 
Inc. 

........................ ~ 

Trlerweller 
COfl!l true t Im and 
Supply, Inc::• 

............... _., _______ ,.. . 

Streu Construction 
Co. 

················-·-
Vinton 
construction to. 

DOWEL 
PLACEMENT 
TECHNIQUE 

:::r:s11::•ss::r: 

Inserter 

..... . ... . .... . 
Inserter 

... ,,. ........ .,.. .. 

Inserter 

.............. 

Baskets 

. . ... ..... ... ·-· 
Baskets 

.. ..................... 

Bas Ice ts 

==~•s••=•=••••••c•=••••••••••••e••s•ess•••s•ses•••=•:•s~e~~======:::s•~•=ssst:e~~~•=•••t•s•~==• 

PAVEMENt 
THICKNESS 
========= 

101t 

. .................. 
9" 

--.. -........... 

10" 

. ............ - ... 

1011 

. .. . ... .. .. .. .. .. 

1011 

. ............ 
10" 

I 8/\SE 
COORS!; 

======:==1 
811 lhickl 
Oense 
Graded 

... .................. 

Varied 

.. ................ 

6" Thick 
Oense 
Graded 

.. ........ -..... -

6" lhick 
Oenlie 
Graded 

.. "" .. -........ 
4" thick 
Open 
Gtnded 
over 4" 
Dense 

4" Thick 
Open 
Gr1tded 
over 4" 
Ol!nse Arch
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TABLE 2. LOCATION OF TEST ~ECTIONS ON PROJECTS INCLUDED JN DOIJEL BAR PLACEMENT STUDY 

s•••••••••••••••••••••••••••••••• ... ~• ............. ••••••• .... •••••••••••••• ... •••sa••••••••••• 

I I I STATE I I TEST I I 
PROJECT PROJECT DIRECTlON SECTION I 

I LOCATION DESCRIPTION !DISTRICT' NUMBER I OF TESTING I NU!'!B!R I STATIONS I 
fazsa:::a~zass*:::s=:z::::::::zzza:rzasc *S•:=eer =•••••••••••JaaasaaaaaacaJ•••••••••l•••aacsa:aas:aasaaa:I 

I I I I I I I 
Jl·90 in Roclr:: County I 1001·01·75 I Westbound f 1 I 559+88 to SS3+38 I 
I <Westbound LW'!es Only) I I J I 2 509+27 to 503•36 I 
!Madison • It l inois Stete Une Road 3 464+87 to 458+28 

j<Manogue Ro•d • USH 14 et Janesville> ( I I I 
1····································· ········ ············ ············1·········1···················· I 

IUSH 18/151 in Dane County 1 120/.·0/.·72 !Htbound I 1 I 961•37 to 968+01 I 
CEastbound L•nes Only) 2 1014+13 to 1020+70 

fDodgevill• • Mt. Horeb Road f I f I 3 I 1066+17 to 1072+73 I 
!Cl.lest County Line • CTH "PD") I . f 4 I 1232+17 to 1238+73 I 
! ............................................. f ............ 1 ............ 1 ......... f .................... 1 
I I I I I I 
IUSH 12/1! in Dane County 1 I 1206·02·79 Wes:bound I 1 I 191•!7 to 1!5+20 I 
fSouth Madison leltline I f I I 2 I 15,+79 to 148+27 I 
10·90 • Sot.1th Towne Drive) I I I 3 I 64•93 to 58•21 I 

I I j I I I I 
1·····································1········1············1----------··1········-l···········----···-~J_ 
jUSH 12/14 in Dane COl.mty I 1 I 5303·00·71 J hstbound f 1 I 100+17 to 106+8' 
fwest Madison Beltline I 2 I 125•07 to 131•77 I COld Saulr:: lnterchan;e> I J J I 3 I 138+00 to 144•72 I 

1----------·--------------·------~----1-------·1------------1-----·····-·1----····-1--------------------1 
I I I I I I I 
ISTH 29/32 in 3 I 9202·02•76 I Welt~ I 1 I "4"'91 to 478+45 
llrown, Shawenc, & 0Ut1gll'llie COU'lt;n I I I I 2 419+80 to 413+17 I 
!Shawano • Green Bay ROltd 3 I 369+90 to 363+30 I I (STH 156 • CTN "U") I I I J 

r:~:-~~:-~:-::~-:~:~------------ ···:····,·::~~:~:~- ·::::::::.:··1·---~---- ·:~:~:-::·~~~---
!Sh.wane • Green lay Road 2 725•20 to 731•76 

rCTK "U" • USM 41) I I I 3 1760+20 to 766+72 

....................................................................................................... 
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TABLE 3. RANDOM SAMPLING SEQUENCE FOR IATERAL POSITION 
OF DOWELS FOR DOWEL BAR PLACEMENT STUDY 

===========----==-·-=- =-=1::==~==.:============= 
SEQUENCE FOR 12-FOOT LANE SEQUENCE FOR 14-FOOT LANE 

DOWEL BAR NUMBER DOWEL BAR NUMBER 
mz•=======~==- =••-==--==---=-==~ 

2 2 
1 1 
8 8 
7 7 
9 9 

12 12 
6 6 

10 10 
3 3. 
5 5 
4 4 

ll 13 
14 
11 

-----==--====----=-----------------------------=====---------
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TABLE 4. SUMMARY OF CORING DATA FOR DOWEL BAR PLACEMENT STIJCY 

••as•• ... •••••••••••••••••••••=•••••••=•=•••asaa.::a:aaasaaa•••••••••••••••••••••:aaa••••••••••a&:ss:aas•c:szs:~====== 
TEST PARAMETERS I PROJECT DESCRIPTIONS ANO DATA 

1-········-·············-······--·······-·····················-··········-·· 

1 .......... ~?':::.~~~-~~~=~:=~---······-I·-···-~~=-~~~~=~~---·············· 
I 1001·01·75 I 1206·02·79 I 1204·04·72 I 5303·00·71 I 9202·02·76 I 9202·02·7 
I 1·90 USH 12/18 USH 18/151 I USM 12/14 STH 29/32 I STH 29/32 

!<Note: Dirlll!nsions for all I ROCI.'. co. I DANE CO. I DANE CO. I DANE CO. I BROIJN CO. I BROi.tW co. 
I measurements are in inches.) l PAVED 1987 I PAVED 1988 I PAVED 1988 I PAVED 1987 I PAVED 198! I PAVED 198 

1·····=·=~:;;;·~;·;;;:;~;·;;;;;;===·====1=========~·1·====···=;~·1·=··==··~i~=1··====···;~=1====·=···;~=1·==·=====: 

I sas••••s•==••••s•:s:azs•:s:i:aaass:a::zaaas J a:s.asa:e&sa:a:r J •••••••••saa ( assssaazsa.cs J ::::sriza:s::::c J :::a:asa•:c:css J ca:aa::~=== 

VERTICAL !MEAN I 4.31 I 5.22 I 4.1.9 I 4.79 I 4.59 I 4., 

'
~:~:~;:~ION 1~:~~~~~~-~:~~~:~~ ..... 1 ....... ~::~.1 ....... ~==~.1 ....... ~:~~-1 ....... ~::~.1 ....... ~:~:.1 ....... ~:: 
depth of jr<IIHH:JM VALUE OBSERVED I 3.34 I 3.97 I 3.97 I 3.50 I 2.81 I 2.e 
dowel) !MAXIMUM VALUE OBSERVED 5.56 6.06 I 4.88 I 5.81 I 5.84 I 5.0 

I l~~~~: .................. 1 ....... ~:~.I---·--·~=~~- 1-------~:!~-1---···-~==~-1---····==~=-1---····~:~· 
I 1~:~:~.~~::::::~::~~~---l-==~::::~~?:l.:::::::~~~=1.::~:~::~~?:j.::~::::~~?:1.:::::::~!?:J.:::::::~~: 

!PERCENT OF OBSERVATIONS! I I I I I 
!EXCEEDING SPECIFICATION! I 

I 
TOO SHALLOIJ I OXI DXI 2%1 OX' 3ij . 
TOO DEEP f 10X 39%1 C 39% 'n'I l 

, ...... •••••••••••••••••••••••••••••••••i••• .. ••• .. ••1••••••••••••1••••••••••••\•aaasaaaaaast••••••••••••l••saac::cs: 
!VERTICAL !HEAN I 0.25 o. 19 I 0.15 I 0. 16 I o. 17 I o. ,, 
l~gi~~!~nce 1~:~~~~~~-~=~:~:~~~ ..... 1 ....... ~:~~.j ....... ~:~:.1 ....... ~:~:.1 ....... ~:::.1 ....... ~:~~-1 ....... ::~'. 
I in depth !MINIMUM VALUE OBSERVED I O.otl I 0.00 I 0.00 I 0.00 I o.oo I O.Ol 

between !MAXIMUM VALUE OBSERVED 1.13 I 0.75 0.63 I 3.00 I 1.00 I 0.61 

I :;::s!:e 1;;;~;;;·~;-~;;;;~;;;~;1············1············1············1············1············1··· 
' d::>wel) !EXCEEDING SPECIFICATION' 10%1 3XI n1 6XI .e.i1 
I l<diH. depth ,. o.5 in.> I I 

1 
...................................... , ............ , ............ , ............ , ............ 1············1··········1 

HORtZO>i:TAL (MEAN 1 0.26 o.2s 1 0.21 o.36 I o.40 1 o.3< 

f~g~~~~~nce fnj~:~~~~~-~:~!~~!~~ ..... j ....... ~:~ ........ ~;!~ ........ ~:~~- ....... ~:!~ ........ ~:!~., ....... ~:!: 
I transverse MINIMUM VALUE OBSERVED O.DO 0.00 0.00 0.00 0.00 I O.OC 

position MAXIMUM VALUE OBSERVED 1.31 2.00 1.00 1.44 1.11 1.6? 

I 

~W:!~· l::~~~~~:~;:~:~~~~~i~~,--·······:~,1-········-~,--·······-~1,·········:~1·········::~1-····---·~~ 
c:towet > <dlff. irans.> o.5 in.> I I 

l
•••••••••••••••••••••••••••••aa•••••••l••••• ...... •1••••••• .. •••1••••••••••••1• ... ••••••••l••••••••••••1••••••••••• 
LONGITUDINAL (MEAN I 1.62 0.87 1.86 2. 12 I 1 .66 0.88 

~~~~~~~nal 1~~~~~~~~-~=~!~:~~---··'·······~:!~.1 ....... ~:=~-1 ....... ~:~.1 ....... ~:~~.j ....... ~:~~-,I ....... ~::~ 
offset IMJNIM\.1114 VALUE OBSERVED I 0.00 0.00 0.00 0.00 0.00 0.00 
betWHn JMAXIMUM VALUE OBSERVED I 6.88 3.31 17.31 9.00 7.75 3.81 

I :~e:i!:!~~t 1;;;~;~;-~;-~;;;;~~;~;;;;1············ ············ ··-········· ···-········ ····-·······1········-·· 

' 

of dowel) 'EXCEEDING SPEC!FlCATIONI ax1 ix is:1 2zx1 2ox1 1 
(offset > 3.0 1n.) 

•••C••••••••••••••••••••••••••••••••••1•zaaaaaaaaa•1•••••••••••• •••••••••••• •••••••••••• ••••••••••••1•Ssssa:zs•• 
PERCENT OF DOWELS WHICH HAD A 
SIGNIFICANT VOID OVER AT LEAST I 26%1 34% 2ZX ox OXI 40 
ONE END OF THE DOWEL I 

•••••••••••••aaaa•••••••••••••••••••••••••••• ..... •••••••••••••••••••••••••••••••••••••••••••••••s••saaaasasaa&a••• 
Mote: Depth w1s measured from pavemll!nt surface to top of dowel end. 

Transverse position w1s measured from eclfe of lane to center cf dowel end. 
Lon;itudinal position was rne1sured frt1111 center of sawed joint to dowel end. 
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FIGURE l. CONFlGURATlON AND NUMBERING Of' 

DOW£LS f'OR A TYPICAL ROAOWA Y SECTION 

I~' 12' 

14 DOWELS 

DIRECTION OF TRAmC t>lRECTJON OF TRlf'F.lC 

DL~ PL~ 
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APPENDIX A. DETAILED DATA FOR DOWEL PLACEMENT STUDY 

Kev for Apoendix A 

Variable Name Description 

BARNUMBR = Lateral position of dowel in lane 
DIRECTON = Direction of traffic 

LANE= Driving lane (l} or passing lane(2) 
STATION = Station of test joint 

VOID = Severity rating for voids at ends of dowel 
N = none 
S = small (less than 1/4") 
M = medium (l/4" to 1/2") 
L = large (greater than 1/2") 

DEPTHl = Vertical position of upstream end of dowel 
(upstream with respect to traffic direction) 

DEPTH2 = Vertical position of downstream end of dowel 
TRANSl = Transverse position of upstream end of dowel 
TRANS2 = Transverse position of downstream end of dowel 

LONGl = Longitudinal position of upstream end of dowel 
LONG2 = Longitudinal position of downstream end of dowel 

AVGDEPTH = Average depth of dowel 
DIFDEPTH • Difference in depth between two ends of dowel 
DIFTRANS = Difference in transverse position between two 

ends of dowel 
LOFFSET = Longitudinal offset from midpoint of dowel to 

sav..-rn joint 

(Counter variables: yes = 1 and no = 0) 
AVGDEPSM = Average depth of dowel too shallow for spec 
AVGDEPLG =Average depth of dowel too.deep for spec 
DIFDEPLG = Difference in depth too large for spec 
DIFTRNLG • Difference in transverse position too large 

OFFSETLG 
VOIDNONE 
VOIDSMAL 
VOIDMEDM 
VOIDLARG 

for spec 
• Longitudinal offset too 
= Void severity rating is 
• Void severity rating is 
= Void severity rating is 
= Void severity rating is 

3.5.27 
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SUBJECT 

U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

FHWA TECHNICAL ADVISORY 

T 5080.14 
CONTINUOUSLY REINFORCED CONCRETE PAVEMENT June 5, 1990 

Par. l. 
2. 
3 . 

. 4. 
5. 

Purpose 
Cance 11 at ion 
Background 
Design Recommendations 
Construction Considerations 

1. PURPOSE. To outline recommended practices for the design, 
construction, and repair of continuously reinforced concrete 
pavement (CRCP). 

2. CANCELLATION. Technical Advisory T 5080.5, Continuously Reinforced 
Pavement, dated October 14, 1981, is cancelled. 

3. BACKGROUND 

a. Continuously Reinforced Concrete Pavement is a portland cement 
concrete (PCC) pavement that has continuous longitudinal steel 
reinforcement arid no intermediate transverse expansion ~r 
contraction joints. The pavement is allowed to crack in a 
random transverse cracking pattern and the cracks are held 
tightly together by the continuous steel reinforcement. 

b. During the 1970's and early 1980's, CRCP design thickness was 
approximately 80 percent of the thickness of conventional 
jointed concrete pavement. A substantial number of the thinner 
pavements developed distress sooner than anticipated. 

c. Attention to design and construction quality control of CRCP is 
critical. A lack of attention to design and construction 
details has caused premature failures in some CRCPs. The 
causes of early distress have usually been traced to; (I) 
construction practices which resulted in pavements which did 
not meet design requirements; (2) designs which resulted in 
excessive deflections under heavy loads; (3) bases of inferior 
quality, or; (4) combinations of these or other undesirable 
factors. 

OISTR I BUTION: Level 1: 

Level 2: 

Level 3: 

Headquarters(OA,PL~RD,HI,RE,SA, 
ED,AD) 

Headquarters(PMfSR,HS,TO,HO,NG) 
Regions(EO PP S ) 
Divisions(BR,EC,PR,D) 
Divisions(SH) 

3.6.1 

OPI: HH0-12 

Arch
ive

d



FHWA TECHNICAL ADVISORY T 5080.14 
June 5, 1990 

4. DESIGN RECOMMENDATIONS 

a. Concrete Thickness. Generally the slab thickness is the same 
as the thickness of a jointed concrete pavement unless local 
performance has shown thinner pavements designed with an 
accepted design process to be satisfactory. 

b. Reinforcina Steel 

(1) Longitudinal Steel 

(a} A minimum of 0.6 percent (based on the pavement cross 
sectional area) is recommended to aid transverse crack 
development in the range of 8 feet, maximum, and 3.5 
feet, minimum, between cracks. Exceptions should be 
made only where experience has shown that a lower 
percentage of steel has performed satisfactorily. In 
areas where periods of extreme low temperature 
(average minimum monthly temperatures of to• F or 
less) occur, the use of a minimum of 0.7 percent steel 
is recommended • 

. {b) Deformed steel bars that meet the requirements set out 
in AASHTO Specifications, Part I, AASHTO M31, M42, or 
M53 are recommended. The tensile requirements should 
conform to the American Society for Testing and 
Materials (ASTM) Grade 60. Recommended spacing of the 
longitudinal steel is not less than 4 inches or 2 1/2 
times the maximum sized aggregate, whichever is 
greater, and not greater than 9 inches. A minimum 
ratio of 0.03 square inches of steel bond area per 
cubic inch of concrete is recommended. See Attachment 
1 for an example problem for determining the minimum 
longitudinal steel spacing and the minimum bond ratio. 
Table I shows the minimum and maximum bar sizes for 
given pavement thicknesses and reinforcement 
percentages. These bar sizes meet the minimum bond 
ratio and the minimum bar spacing criteria stated 
above. 

(c) The recommended position of the longitudinal steel is 
between 1/3 and 1/2 of the depth of the pavement as 
measured from the surface. The minimum concrete cover 
should be 2-1/2 inches with 3 inches preferable. For 
pavements thicker than 11 inches, several States have 
begun to experiment with the use of two layers of 
longitudinal steel. Pavements constructed with two 
layers of steel have not been in service long enough 
to evaluate performance; therefore, this technique 
should be considered experimental. 
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FHWA TECHNICAL ADVISORY T 5080.14 
June 5, 1990 

Table 1 - Recommended Longitudinal Reinforcement 
Sizes 

Minimum and Maximum Bar Size 

Pavement Thickness 

% Steel 8" 9" 10" 11" 12" 13" 

0.60 4,5 5,6 5,6 5,6 5,6 6 
0.62 5,6 5,6 5,6 5,6 5,6 6 
0.64 5,6 5,6 5,7 5,7 6,7 6,7 
0.66 5,6 5,7 5,7 5,7 6,7 6,7 
0.68 5,6 5,7 5,7 6,7 6,7 6,7 

Note: Bars are uncoated deformed bars. 

(d) The use of epoxy coated reinforcing steel is generally not 
necessary for CRCP. However, in areas where corrosion is a 
problem because of heavy applications of deicing salts or 
severe salt exposure, epoxy coating of the steel may be 
warranted. The bond area should be increased 15 percent to 
increase the bond strength between the concrete and 
reinforcement if epoxy-coated steel reinforcement is used. 

(e) When splicing longitudinal steel, the recommended minimum 
lap is 25 bar diameters with the splice pattern being either 
staggered or skewed. If a staggered splice pattern is used, 
not more than one-third of the bars should terminate in the 
same transverse plane and the minimum distance between 
staggers should be 4 feet. If a skewed splice pattern is 
used, the skew should be at least 30 degrees from 
perpendicular to the centerline. When using epoxy-coated 
steel, the lap should be increased a minimum of 15 percent 
to ensure sufficient bond strength. 

(f} Plan details or specifications are needed to insure 
sufficient reinforcing at points of discontinuity as 
described in paragraphs 4e(3) and 4f(l). 
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(2) Transverse Reinforcing and Tiebars 

c. Bases 

(a) If transverse reinforcement is included, it should be 
#4, #5, or #6 grade 60 deformed bars meeting the same 
specifications as mentioned for the longitudinal 
reinforcement. 

(b) Although it can be omitted, transverse reinforcing 
reduces the risk of random longitudinal cracks opening 
up and thus reduces the potential of punch-outs. If 
transverse reinforcement is included, the following 
equation can be used to determine the amount of 
reinforcement required (see number 5 of Attachment 2): 

w. F 
pt - x 100 

2f. 

Where: pt -
w • ... 
F • 
f. -

transverse steel,% 
total pavement width, (ft) 
subbase friction factor 
allowable working stress in steel, 
psi, (0.75 yield strength) 

{c) The spacing between transverse reinforcing bars can be 
calculated using the following equation (see numbers 1 
and 5 of Attachment 2): 

y = 

Where: 

x 100 

Y = transverse steel spacing (in) 
A. = cross-sectional area of steel, {in2

) 

per bar (#4, #5, or #6 bar) 
P1 = percent transverse steel 
D = slab thickness (in) 

Note: The transverse bar spacing should be 
no closer than 36 inches and no further 
than 60 inches. 

(d) In cases where transverse steel is omittedt tiebars 
should be placed in longitudinal joints in accordance 
with the FHWA Technical Advisory, Concrete Pavement 
Joints. 

(1) The base design should provide a stable foundation, which 
is critical for CRCP construction operations and should not 
trap free moisture beneath the pavement. Positive drainage 
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is recommended. Free moisture in a base or subgrade can 
lead to slab edge-pumping, which has been identified as 
one of the major contributors to causing or accelerating 
pavement distress. Bases that will resist erosion from 
high water pressures induced from pavement deflections 
under traffic loads, or that are free draining to 
prevent free moisture beneath the pavement will act to 
prevent pumping. Stabilized permeable bases should be 
considered for heavily traveled routes. Pavements 
constructed over stabilized or crushed stone bases have 
generally resulted in better performing pavements than 
those constructed on unstabilized gravel. 

(2) The friction between the pavement and base plays a role 
in the development of crack spacing in CRCP. Most 
design methods for CRCP assume a moderate level of 
pavement/base friction. Polyethylene sheeting should not 
be used as a bond breaker unless the low pavement/base 
friction is considered in design. Also, States have 
reported rideability and construction problems when PCC 
was constructed on polyethylene sheeting. 

d. Subgrades. Continuously Reinforced Concrete Pavement is not 
recommended in areas where subgrade distortion is expected 
because of known expansive soils, frost heave, or settlement 
areas. Emphasis should be placed on obtaining uniform and 
adequately compacted subgrades. Subgrade treatment may be 
warranted for poor soil conditions. 

e. Joints 

(1) Longitudinal Joints. Longitudinal joints are necessary 
to relieve stresses caused by concrete shrinkage and 
temperature differentials in a controlled manner and 
should be included when pavement widths are greater than 
14 feet. Pavements greater than 14 feet wide are 
susceptible to longitudinal cracking. The joint should 
be constructed by sawing to a depth of one-third the 
pavement thickness. Adjacent slabs should be tied 
together by tiebars or transverse steel to prevent lane 
separation. Tiebar design is discussed in the FHWA 
Technical Advisory entitled "Concrete Pavement Joints". 

(2} Terminal Joints. The most commonly used terminal 
treatments are the wide~flange (WF) steel beam which 
accommodates movement, and the lug anchor which restricts 
movement. 

(a) The WF beam joint consists of a WF beam partially 
set into a reinforced concrete sleeper slab 
approximately 10 feet long and 10 inches thick. The 
top flange of the beam is flush with the pavement 
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surface.· Expansion material, sized to accommodate 
end movements, is placed on one side of the beam 
along with a bond-breaker between the pavement and 
the sleeper slab. In highly corrosive areas the beam 
should be treated with a corrosion inhibitor. 
Several States have reported premature failures of WF 
beams where the top flange separated from the beam 
web. Stud connectors should be welded to the top 
flange, as shown in Figure 1, to prevent this type of 
failure. Table 2 and Figure 1 contain recommended 
design features. 

TABLE 2 - Recommended WF Beam Dimensions 

CRCP 
Thickness 

(in.) 

8 
9 

10 
11 

WF Beam (weight and dimensions) 

Embedment WF Beam Flange Web 
in "Sleeper" Size Thickness 
slab - in. Width (in.) Thickness (in.) 

6 14 x 61 10 5/8 3/8 
5 

6 16 x 58 8-1/2 5/8 7/16 
5 

(b) The lug anchor terminal treatment generally 
consists of three to five heavily reinforced 
rectangularly shaped transverse concrete lugs placed 
in the subgrade to a depth below frost penetration 
prior to the placement of the pavement. They are 
tied to the pavement with reinforcing steel. Since 
lug anchors restrict approximately 50 percent of the 
end movement of the pavement an expansion joint is 
usually needed at a bridge approach. A slight 
undulation of the pavement surface is sometimes 
induced by the torsional forces at the lug. Since 
this treatment relies on the passive resistance of 
the soil, it is not effective where cohesionless 
soils are encountered. Figure 2 shows a typical lug 
anchor terminal treatment. 

3.6.6 

Arch
ive

d



CRCP 

1· Joint seal 

NOTES: 

1· Expansion JOlnt 
material 

Bond Breaker Sleeper alab 

10' 

Weld beam atHfener to end• of beams 
Weld shear connectors to flange and web of beam 

1/49 Joint seal Approach slab 

3/4• dla. x 8" atuda et 18" o.c. ( ... note below) 

Beem atlffener ( ... note below) 

I 
#4 bars et 12" o.c. 

~T-~ 
I L_'_ ........ r~ 

#5 bars et 6" o.c. - 3'-9" total length 

6" 

INSET 

1-1 /2" 
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(3) Transverse Construction Joints 

(a) A construction joint is formed by placing a slotted 
headerboard across the pavement to allow the 
longitudinal steel to pass through the joint. The 
longitudinal steel through the construction joint is 
increased a minimum of one-third by placing 3-foot 
long shear bars of the same nominal size between every 
other pair of longitudinal bars. No longitudinal 
steel splice should fall within 3 feet of the stopping 
side nor closer than 8 feet from the starting side of 
a construction joint. Refer to paragraph 4b(l)(e) for 
recommended splicing patterns. If it becomes 
necessary to splice within the above limits, each 
splice should be reinforced with a 6-foot bar of equal 
size. Extra care is needed to ensure both concrete 
quality and consolidation at these joints. If more 
than 5 days elapse between concrete pours, the 
adjacent pavement temperature should be stabilized by 
placing insulation material on it for a distance of 
200 feet from the free end at least 72 hours prior to 
placing new concrete. This procedure should reduce 
potentially high tensile stresses in the longitudinal 
steel. 

{b) Special provisions for the protection of the 
headerboard and adjacent rebar during construction may 
be necessary. 

f. Leave-Outs Temporary gaps in CRCPs should be avoided. The 
necessity for leave-outs is minimized by giving proper 
consideration to the paving schedule during project design. The 
following precautions can be specified to reduce distress in 
the leave-out portion of the slab in the event a leave-out does 
become necessary. · 

(1) Leave-outs require 50 percent more longitudinal deformed 
bars of the same nominal size as the regular reinforcement. 
The additional reinforcement should be spaced evenly 
between every other normal pavement reinforcing bar and 
should be bonded at least 3 feet into the pavement ends 
adjacent to the leave-outs. All regular longitudinal 
reinforcement should extend into the leave-out a minimum of 
8 feet. Required slices should be made the same as those 
in normal construction. 

(2) Leave-outs should be paved during stable weather conditions 
when the daily temperature cycle is small. Because of the 
closeness of the steel extreme care should be exercised in 
placing and consolidating the concrete to prevent 
honeycombing or voids under the reinforcement 
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(3) If it becomes necessary to pave a leave-out in hot weather, 
the temperature of the concrete in the free ends should be 
stabilized by placing an adequate layer of insulating 
material on the surface of the pavement as described in 
paragraph 4e(3)(a). The curing compound should be applied 
to the new concrete in a timely manner. The insulation 
material should remain on the adjacent pavement until the 
design modulus of rupture of the leave out concrete is 
attained. 

g. Ramps. Auxiliary Lanes and Shoulders. PCC pavement for ramps, 
auxiliary lanes, and shoulders adjacent to CRCP is recommended 
because of the possible reduction in pavement edge deflections 
and the tighter longitudinal joints adjacent to the mainline 
pavement. Ramps should be constructed using jointed concrete 
pavement. The use of jointed pavement in the ramps will 
accommodate movement and reduce the potential for distress in 
the CRCP at the ramp terminal. When PCC pavement is used for 
ramps, auxiliary lanes, or shoulders, the joint should be 
designed as any other longitudinal joint. Refer to the FHWA 
Technical Advisory T 5040.29, Paved Shoulders, for further 
information on proper joint design. 

h. Widened Lanes. Widened right lane slabs should be considered 
to reduce or eliminate pavement edge loadings. This is 
discussed in the FHWA Technical Advisory T5040.29, "Paved 
Shoulders". 

5. CONSTRUCTION CONSIDERATIONS 

a. Many CRCP performance problems have been traced to construction 
practices which resulted in a pavement that did not meet the 
previously described design recommendations. Because CRCP is 
less forgiving and more difficult to rehabilitate than jointed 
pavements, greater care during construction is extremely 
important. Both ttre contractor and the inspectors should be 
made aware of this need and the supervision of CRCP 
construction should be more stringent. 

b. Steel placement has a direct effect on the performance of CRCP. 
A number of States have found longitudinal steel placement 
deviations of ±3 inches in the vertical plane when tube feeders 
were used to position the steel. The use of chairs is 
recommended to hold the steel in its proper location. The 
chairs should be ~paced such that the steel will not 
permanently deflect or displace to a depth of more than 1/2 the 
slab thickness. An example chair device is shown in Figure 3. 
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TOP VIEW 

Longltudlnal StHI 

Tranawrae Steel 
Chair 

FRONT VIEW 

Note: Chairs should be securely fastened the base. 

FIGURE 3 ·Combination Chair and Transverse Steel Detall 

c. Procedures should be implemented to ensure a uniform base and 
subgrade. Soft spots or gradeline variations should be 
repaired and corrected prior to concrete placement. Emphasis 
should be placed on batching, mixing, and placing concrete to 
obtain uniformity and quality. Strict inspection of batching 
and mixing procedu.res is extremely important and may require 
rejection of batches because of deviations that may have been 
considered minor under previously existing practices. When 
placing concrete, adequate vibration and consolidation must be 
achieved. This is especially critical in areas of pavement 
discontinuity such as construction or terminal joints. 
Automatic vibrators should be checked regularly to ensure 
operation at the specified frequency and amplitude and at the 
proper location in the plastic concrete. Hand-held vibrators 
should be used adjacent to transverse joints. Any concrete 
which exhibits signs of aggregate segregation should be 
replaced immediately. 

d. Inspection procedures are needed to ensure that final 
reinforcing splice lengths and patterns, as well as bar 
placement, are consistent with the design requirements. 
Special precautions should be taken to prevent rebar bending 
and displacement at construction joints. When leave-outs are 
necessary, they should be constructed in absolute conformity to 
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the design requirements. Longitudinal joints should be sawed 
as early as possible to prevent random cracking. This is 
especially true in multi-lane construction. Sawing should not 
begin until the concrete is stro~g enough to prevent raveling. 

e. Asphalt concrete patches are not reconvnended as a temporary or 
a permanent repair technique because they break the continuity 
of the CRCP and provide no load transfer across the joint. 

Attachments 

Anthony R. Kane 
Associate Administrator for Engineering 

and Program Development 
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ATTACHMENT 1 

EXAMPLE PROBLEM 

The design engineer should perform the following calculations to ensure that 
the bond between the reinforcing steel and the concrete and the longitudinal 
steel spacing meet the criteria in paragraph 4c. The equation to determine 
the ratio of bond area to cubic inches of concrete is as follows and the 
equation to determine the minimum longitudinal steel spacing follows it: 

( n) x P, x ( L) 
~ = Where: p "' I Perimeter of Bar (in.) 

(W)x(t)x(L) L "' Length of slab • l" 
w "' Width of slab (in.) 
t "' Slab thickness (in.) 
n • Number of Longitudinal Bars 

Given #6 reinforcing bars, therefore P, ... 2. 356" and Bar Area = 0. 44 in. 2 

w • 12' 
t .. 10" 

Assume: 0.6% steel 

Determine: The required minimum area of steel and the required minimum 
number of bars 

Area of Cone. = 10 x 144 = 1440 in. 2 

Required steel = 0.006 x 1440 = 8.64 in. 2 

Minimum number if bars required (n} • 8.64 I 0.44 • 19.6 bars, say 20 
bars 

Determine: The minimum ratio of bond area to cubic inches of concrete. 

~ = 
(20) x (2.356) x (l") 

(1440) x (l ") 
• 0.0327, the minimum ratio of bond area to 

cubic inches of concrete is met 
so the minimum spacing should be 
checked. 

Determine: Longitudinal steel spacing should be checked as follows: 

(W) 
Sb= -- ... 

(n) 

144 
--- = 7.2 in., say 1 in., therefore the minimum 

20 bar spacing is also 
met. 
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ATTACHMENT 2 

REFERENCES CCRCP) 

1. "AASHTO GUIDE FOR DESIGN OF PAVEMENT STRUCTURES", 1986. 

2. "FHWA Pavement Rehabilitation Manual", FHWA-ED-88-025, September 1985 
as supplemented. 

3. Mooncheol Won, B. Frank McCullough, W. R. Hudson, Evaluation of 
Proposed Design Standards for CRCP, Research Report 472-1, April 1988. 

4. "Techniques For Pavement Rehabilitation - A Training Course", FHWA, 
October 1987. 

5. "Design of Continuously Reinforced Concrete for Highways", Associated 
Reinforcing Bar Producers - CRSI, 1981. 

6. "CRCP - Design and tonstruction Practices of Various States", 1981, 
Associated Reinforcing Bar Producers - CRSI. 

7. "Design, Performance, and Rehabilitation of Wide Flange Beam Terminal 
Joints, 11 FHWA, Pavement Branch, February 1986. 

8. Darter, Michael I., Barnett, Terry L., Morrill, David J., "Repair and 
Preventative Maintenance Procedures for Continuously Reinforced 
Concrete Pavement", FHWA/IL/UI-191, June 1981. 

9. "Failure and Repair of CRCP", NCHRP, Synthesis 60, 1979. 

10. Snyder, M.B., Reiter, M~J., Hall, K.T., Darter, M.I., "Rehabilitation 
of Concrete Pavements, Volume I - Repair Rehabilitation Techniques, 
Volume III - Concrete Pavement Evaluation and Rehabilitation System," 
FHWA-RD-88-071, July 1989. 
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Sub1ect 

From 

To 

U.S. Deportment 
>f TronspcrtatJOn 

Fedefat Higtwltay 
Administration 

Headquarter's Pavement Rehabilitation 
and Design Team - Case Study - Continuously 
Reinforced Concrete Pavement 

Chief, Pavement Division 

Regional Federal Highway Administrators 
Regions 1-10 

Memorandum 

Washington, D.C. 20590 

Date 

Reply IC! 
Attn of 

JJN 2 2 1987 

HH0-13 

We have had several requests from the field for information regarding the 
performance of various pavements. We have elected to use a case study approach 
as one method of meeting this desire. The case studies will be based on the 
Headquarter's Pavement Rehabilitation and Design Team field trip reports. 
Attached is a copy of our initial effort. It describes a distress problem on a 
continuously reinforced concrete pavement located in the eastern part of the 
country. The report provides an insight to the types of details that are 
commonly examined. The process that was followed can be applied to any 
pavement rehabilitation project. 

As you know, the Team at the request of St,ate highway agencies and our field 
offices has conducted numerous reviews of pavement dhtress problems. 
Typically, the Team has been asked to provide assistance when a pavement has 
experienced premature distress. The Team's role is to determine the cause of 
the early distress, reconmend alternative strategies for 
rehabilitation/reconstruction and provide suggestions on how to prevent the 
distress en this or ~imilar pavement. 

The Team has been headed by the Pavement Division and has included members from 
other Headquarter's offices depending on the technical expertise needed to 
examine a particular problem. From our viewpoint, there have been tremendous 
benefits gained by the States and FHWA using this review team concept. The 
Team has always been willing to provide technical assistance when requested and 
we reaffirm our cormiitment to continuing these efforts. 

We expect to furnish additional ca5e studies that will he based on upcoming 
Team field trip reports. lf you have any conments on this case study approach 
or the specifics of the attached report, please do n0t hesitate to contact us. 

Sufficient copies of the report are being provided to your office to permit 
direct distribution to yn~r division offices. 
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CASE STUDY - CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

BASED ON A 

FIELD TRIP REPORT 

OF THE 

PAVEMENT REHABILITATION AND DESIGN TEAM 

BY 

PAUL TENG 

JOHN HALLIN 

DON VOELKER 
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I. Purpose of Trip 

To meet with Region, Division, and State engineers to review a 
Continuously Reinforced Concrete Pavement (CRCP} distress problem on 
Route XX and discuss its rehabilitation alternatives. 

II. Scope of Review 

III. 

11. 

A field review was conducted on (date). During the review, the State 
provided the Team with available data of the original design. A closeout 
meeting with the State engineers was held in the afternoon of (date) .• 
Subsequently, the State provided additional information concerning traffic 
data, paving schedules, corrosion surveys, core logs, chlcrides studies, 
delamination surveys, a Pachometer survey and detailed crack su~veys. On 
{date), the Team met with the State engineers to inspect the cores and 
discuss our reconmendations and conclusions. This report sunmarizes the 
Team's comments and reconmendations. 

Contacts 

State 

xxx 

FHWA Division Office 

xxx 

FHWA Region Office 

xxx 
FHWA Washington Offic::e 

xxx 
Backgrou~d Informatien 

Route XX is a six-lane, divided Interstate facility. The project is 
13 miles long and involves the overlay of two Jointed Reinforced Concrete 
Pavement {JRCP) 24-foot roadways with an c4 Jonded 6-inch Continuously 
Reinforced Concrete Pavement (CRCP) and the construction of an additional 
12-foot right lane of a 9-inch CRCP in each direction. The original dual 
lane was cons:ructed in 1952 as U.S. Route XX. The ~•erlay and outer lane 
construction projects were completed in 1974-76. 

The original pavement consisted of a 9-inch jointed reinforcec concrete 
pavement on a 6-inch Type II (crushed aggregate) subbase constructed on 
an A-5 silt soil. Transverse joints were sawed at 40-foot spacings. A 
l-inch bituminous concrete layer was pltced on the original pavement to 
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serve as a leveling course, to correct superelevation, and to serve as a 
bondbreaker to the 6-inch CRCP overlay. The 6-inch CRCP overlay uses 
#5 deformed bars spaced at 8.5 inches (0.6 percent steel of the cross 
sectional area). Transverse steel (#4 bars} was spaced at 34 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported on metal chairs and the plans specified a cover tolerance of 
2 l/2 - 2 11/16 inches. 

The added 12-foot wide CRCP lane was placed on the outside of the overlay 
portion. The new lane is a 9-inch CRCP on a 4-inch crushed granular base. 
It uses #5 deformed bars spaced at 5.5 inches (0.6 percent of the cross 
sectional area). Transverse steel (#4 bars) was spaced at 30 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported by metal chairs and the plans specified a cover tolerance of 
3 3/8 - 3 7/8 inches. 

The plans provided the option of constructing the added right lane with the 
overlay or separately with a keyway. State highway personnel, however, 
report the keyway construction joint was likely used. The plans indicate 
there are tie bars in the keyway but we are unable to determine their 
length or spacing. 

Traffic survey data gathered during the overlay design stage {1970) 
indicate ADT of 10,600-14,050; 12-13 percent trucks; projected 1991 ADT 
of 40,650-42,450; 12-13 percent trucks. 

An extensive soils investigation was conducted during the overlay design 
stage. A brief review of the soil boring tabulation indicated the presence 
of silt, and rock fragments occurring within the top 5 feet of roadbed in 
the location of the widened outer lane. Little information is available 
for the roadbed beneath the original pavement. Also, there is little 
information available concerning the condition of the original pavement 
during design ~f the overlay. 

Three cores of the existing CRCP pavement were recently taken and a 
petrographic examination was conducted. An analysis of the cores is found 
in Section VI. 

A French drain was installed where the original roadway was in sag 
alignment and then daylighted to the reconstructed 6:1 side slopes. State 
personnel have stated these are not presently functioning. 

The inside shoulder width is 4.0 feet. The outside shoulder is 10.0 feet. 
Each is a 3-inch thick bituminous ccncrete shO·ulder on a 7-inch dense­
graded stabilized aggregate subbase. The shoulder joint was designed to be 
sealed with hot-poured, rubber-asphalt joint sealing compound. 

Personnel ~ho were present during the overlay construction projects 
reported that the ~roject was shut dow~ several times because of fines and 
clay balls in thr · :)gregate. Also, th'.-.-·e were difficu: ties in finishing 
the slab. The w .bound overlay (middie and high speed) lanes were p1aced 
in May-July perioa. The eastbound overlay lanes were placed in October and 
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November when there were reported temperature variations as high as 
40 degrees. 

The pavement opened to traffic in late 1975. Pavement failures in the 
widened {right) lane of the eastbound roadway were noted in February 1976. 
The number of failures increased substantially during March and April. The 
State acted quickly in formulating a plan for investigating the causes of 
t~e failures. 

In June 1976, a report was issued that included data from an extensive 
field study. However, the study only examined project data related to the 
widened lane and does not discuss cracks, subbase, soils, concrete quality, 
etc. of the overlay section of the pr;.oject since, at that time, there was 
little distress in the overlay section.' Briefly, the report concluded the 
failures were design associated and included the following: a) inadequate 
pavement support and the inability of the granular base to drain water away 
from under the pavement could have resulted in lower stability, b) adverse 
climatic conditions had reduced the concrete maturity at an early age and 
resulted in formation of closely spaced transverse cracks, c) the nature of 
the chairs and poor workability of the concrete could have contributed to 
the voids and weaknesses in the concrete cross section. 

A second report was prepared in June 1982 and attempted to expand on what 
was learned from the 1976 study. At the time, the westbound lanes of 
Route XX had performed satisfactorily whereas the eastbound lanes had 
exhibited distress. The study concluded: a) pavement failures were 
primarily in these outside (widened) lanes, b) percent of steel 
reinforcement met the specifications, c) the pavement thicknesses were 
within the specification tolerance, d) numerous voids were reported in the 
lower half of the slabs but have not contributed significantly to the 
failures, e) the CRC overlays were performing satisfactorily and no visibie 
signs of distress were noted, f) a significant portion of the CR-6 subbase 
material had a high content of fines that led to poor drainage 
characteristics, g) percent of air entrainment for eastbound and westbound 
lanes was within specification limits, h) unfavorable curing temperatures 
were present for the eastbound lanes, i) the crack spacing for the 
eastbound lanes was in the range of 2 feet apart while the range in the 
westbound lanes was generally 4-16 feet, and j) the eastbound shoulder lane 
exhibited high deflection characteristics. 

By 1986, it was noted that a large number of areas of pavement distresses 
were beginning to occur in the middle lane and a lesser number were showing 
up in the high speed lane. The FHWA Division Office on (date), sent to the 
State a special report on the Route XX pavement distress and requested a 
detailed investigation of the pavement to determine the most cost-effective 
type of repair to ~'+ undertaken and determine what lessons could be learned 
and applied toward other proposed CRCP projects. 
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v. Details of Field Review 

It was noted there were a significant number of punchouts in the middle· 
lanes in both the eastbound and westbound roadways. Of particular interest 
was the radial cracking around the punchouts. Also, these areas were 
primarily concentrated in the wheel paths and appeared to be clustered. 
There were often long sections of pavement that appeared sound followed by 
sections of distressed pavement. The transverse distress consisted of 
fatigue cracks resulting in delaminated sections of pavement. These 
appeared to be located in the vicinity of the transverse bars. 

The Team noted several areas of fine longitudinal cracks that appeared to 
be spaced at approximately the spacing of the longitudinal reinforcing 
steel; however, there was no evidence of staining of the pavement from 
possible corrosion of the reinforcing steel. 

The full depth patching previously performed by State contractors appeared 
to be satisfactory. Discussions with State personnel indicate the patching 
details ~re in accordance with the state-of-the-practice procedures. 
Another patching project was initiated in late 1986 but shut down before 
repairs were completed. Operations are not expected to resume because of 
limited available funds to complete the necessary work; therefore, the 
Team was .unable to observe the patching operations or the condit;pn of the 
reinforcing steel. 

There are several locations in all lanes where asphalt has been placed over 
distressed areas as a temporary measure. It is apparent that water is 
infiltrating the repaired areas. 

The outside shoulders in both eastbound and westbound roadways were 
extremely cistres$ed. In the westbound lanes, alligator cracking was noted 
to be particularly severe on the section between ,US XX to· west of Route XX. 
There is a truck weighing station located on WB Route 99 near Route XX. 
Several trucks were parked on the shoulder, and the weigh station was open. 
State personnel informed us this was common practice. Also, the top of the 
shoulder had settled below the top of the mainline pavement. 

It appeared the joint had been properly sealed; however, since the shoulder 
pavement was severely distressed, water is likely infiltrating the pavement 
structur' from below the shoulder surface. 

In the eastbound lane, there were large areas of full-depth patching that 
had been performed under previous mainten~-:e contracts. The quality of 
the patches appeared to be good. The twr · side lanes, but particularly 
the middle lane, appeared to be showing s.~ns of severe distress at some 
locations. The previously mentioned punchouts, with their radical cracking 
patterns, wer~ numerous. The punchouts were centere~ tn the wheel paths. 
Where the high speed lane exhibited punchouts, it was noted that di-tressed 
areas of +he center lane were nedrly adjacen+ but sta~gered from these 
punchouts. 
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In the westbound roadway, the most distressed areas were found in the outer 
and middle lanes. The crack spacing pattern appeared to be acceptable~ 
There were a few hundred feet of a longitudinal crack in the middle lane 
that was observed to be located about 2 feet inside the joint with the 
outer lane. There was some concern by project personnel that these cracks 
were related to the overall pavement distress; however, the team believes 
while these are undesirable, they are not affecting overall pavement 
performance. 

VI. Discussion Items 

We reviewed information on traffic data. and a paving schedule for the 
roadway overlay and outer lane widening work. 

Comparing the traffic data for 1970 and 1991 on the cover plan sheet for 
Project No. XX traffic counts, it appears the forecasted AOT's are within 
generally accepted margins of error. However, it appears the percent of 
truck traffic and number of equivalent 18-kip single axle loads being 
placed on the pavement has increased significantly over the projected. 
loadings. Based on the 1970 traffic survey data, the percent of trucks was 
12 percent and projected to remain at 12 percent in 1991. Recent 
loadometer data from a weigh-in-motion station on the eastern end of the 
project' indicate the percent of trucks may be as high as 21 percent and 
have average 18-kip equivalent truck load factors as high as 3.76. The 
current lane truck distribution information indicates there is slightly 
higher than usual percentage of trucks in the middle lanes. This 
combination causes heavier than expected loadings on the 6-inch CRCP 
overlay. 

There had been a concern that the weather conditions during placement of 
the overlay pr9jects affected pavement performance. Two of the three 
overlay projects had substantial sections of concrete placed in the Fall 
when there were reported large temperature variations. The State supplied 
the Team with a paving schedule and reported daily temperatures from the 
projects' records. We compared this information with identified distress 
condition survey data. However, we were unable to correlate the two 
because of the inability to conclusively identify project station numbers 
with the mileposts shown in the condition survey data. Due to time 
constraints, we did not pursue thi-: analysis. 

The State performed an in-depth evaluation of three 200-foot sections of 
Route XX. The selected sections wer~ believed to have been low, medium, 
and high distress areas. The evaluation consisted of a corrosion survey, 
core logs, longitudinal delamination survey, transverse delamination 
survey, chloride test results, and steel and chemical tests. 

The distress inform!tion we received indicates there is extensive corrosion 
occurring in tht ee 200-foot test s'~tions. The ave~age chl?ride 
content amounts e he depth of the re1•forcing steel were 3.1 lbs./cu. yd. 
for the low distr s area, 3.3 lbs./cu. yd. for the medium distress area 
and 4.5 lbs./cu. yd. for the high distress area. According to accepted 
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practice, chloride contents above 1.5-2.0 lbs./cu. yd. indicate a high 
potential for corrosion. 

The corrosion surveys conducted on these sections show there is a high 
probability that steel corrosion is widespread throughout the three 
sections, and a high potential exists for cracking of the pavement due to 
corrosion. The current ASTM C876-80 specification indicates the following 
r~garding the significance of the numerical value of the potentials 
measured: 

1) Less than 0.2 volts, there is a greater than 90 percent probability 
that no reinforcing steel corrosion is occurring. 

2) Between 0.2 and 0.35 volts, corrosion activity is uncertain. 
3) Over 0.35 volts, there is a greater than 90 percent probability that 

corrosion is occurring. 

Also, in laboratory tests where potentials were greater than 0.5 volts, 
approximately half of the specimens cracked due to corrosion activity. 

The delamination survey data for the three sections indicates substantial 
areas of delaminated concrete in the medium and high distress areas. 

The Pachometer survey data for these three sections indicates a range of 
concrete cover from 1.5 inches to 3.75 inches in the overlay areas. The 
plans specified a tolerance of 2 1/2 - L 11/16 inches in the overlay area. 

Based on our field observations of the cracks and distresses in t~e 
pavement and the above distress survey information, we believe there is a 
significant amount of corrosion of the reinforcing steel in each of the 
three test sections. There may be a somewhat lower level of corrosion 
activity in the low distress area as compared to the medium and high areas, 
nevertheless, extensive corrosion is likely occurring. 

In reviewing the cores from the three test sections, it is apparent that 
the corrosion activity is predominately in the transverse bars. Nearly 
without exception, vertical and horizontal cracks were present where 
transverse bars were experiencing even minor corrosion. See Attachments 1 
and 2 for illustrations. The vertical crack above the bars likely 
contributed to creating an environment that allowed corrosion to begin. 

The Team also observed there had been a significant amount of full-depth 
patching within the project. ~e understand patching operations have been 
ongoing the last several years. As stated aoove, the outer lanes, 
particularly the EB outer lanes, experienced early distress, and extensive 
patching was already done in these lanes. Generally, the patches appeared 
to be performing s~. sfactorily. Data showing the rate of deterioration on 
this project was no~ available. 

3.7.8 

Arch
ive

d



State personnel informed us they believe there has been a significant 
increase in the number of distress areas in the overlay areas (middle and 
fast lanes) in the last couple of years. 

The results of the petrographic eximination are given in Attachment 3. 
Briefly, none of the cores contained reinforcing steel. They all appeared 
to contain sound concrete. One core, however, appeared to have a 
shale-type, limestone aggregate while the others had a marble-limestone 
aggregate. The Team did not have any data that showed whether one or more 
sources of aggregate were used on the project. State personnel who were 
present during construction indicated there was only one aggregate source. 
They did believe the project was shut down several times due to mudballs 
in the aggregate; however, there was no evidence of this problem in the 
cores we received. 

VII. Recommendations and Conclusion 

Information on this project was provided by the State. The information 
consisted of condition data only for the 6-inch CRCP overlay section 
(middle and high speed lanes). It must be recognized that we based our 
proposed alternatives on this limited information. 

There are strong indications this pavement is rapidly deteriorating. The 
relatively thin (6-inch) CRCP over··!y specification called for 
2 1/2 - Z 11/16-inch cover over the reinforcing steel. The pachometer 
survey showed there were some areas with as little cover as 1.5 inches and 
many areas where the cover was in the range of 2 to 2.5 inches. The 
chloride studies, delamination surveys, and corrosion surveys show there 
is widespread corrosion in the test sections. The cores confirmed that 
there was active corrosion in the transverse bars. 

If the corrosion occurring in the test sections is representative of the 
entire project, there is probably very little wt.ich can be done to prevent 
the disintegration of the pavement. Assuming this is the case, the 
ultimate solution to this problem is a reconstruction alternative. 

A detailed distress and corrosion survey of the entire project needs to be 
made to quantify the amount of pavement that needs repair. An economic 
analysis should then be made to determine if it is more cost effective to 
continue heavy maintenance by patching the currently distr~ssed sections 
or immetliately reconstructing this section. Alte.·natives t·:at need to be 
considered: 

1. Continue heavy maintenance by pat~~ing identified distressed 
sections. 

2. Remove the existing PCC and construct a new pavement section. The 
existing pavement may be suitable for recyciing into a new PCC or 
AC pavement. If it is recycled, we believe the State will need to 
remove the existing pavement structure (inclwding the or·1ginal 
roadway), and construct an adequate drain~ge system. If a new PCC 
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pavement is constructed, we also recommend using full-depth, tied 
concrete shoulders. 

3. Construct a minimum 4-inch asphalt overlay. The AC overlay must 
be thick enough to bridge the distressed areas. Also, we 
recommend the State perform repairs of currently distressed areas 
before placing an overlay. Depending on the thickness of the 
overlay, this may be only a short range improvement given the 
amount of corrosion activity occurring in the test sections. 
Experience in another State with overlays of 2 inches on 
corrosion-distressed CRCP has shown good performance for only 
3-4 years •. They are presently placing 4-to 6-inch overlays on 
CRCP and expect to get 10 years of service life. 

There is also a need to improve the shoulders on the project, particularly . 
the WB outside shoulder east of the truck weigh station. It is evident 
the trucks are stopping on the shoulder, presumably to avoid passing 
through open scales. 

From our discussions with the State engineers, there was a recognition 
that the thin CRCP overlay, corrosion of the transverse bars and heavier 
than expected traffic loadings are major contributors to the distress. 
The State may wish to consid~r using epoxy-coated reinforcing steel on an 
experimental basis in future CRCP pavements. Another State has placed 
some CRCP having epoxy-coated reinforcing steel. We are not aware they 
are experiencing any problems, however, the pavements have not been in 
place long enough to judge long-term performance. 

VII. Closing Remarks 

It is highly ~esirable to determine the cause of the distress prior to 
developing f~asible rehabilitation alternatives to ensure that the 
selected strategy corrects the cause of distress. For any pavement 
rehabilitation project, the States are encouraged to follow the approach 
for an engineering and economic analysis as outlined in Mr. Barnhart's 
November 15, 1983, memorandum. Briefly, this includes the following 
steps: 

{a) Establish existing c~ndition of pavement. 
(b) Identify distress. 
(c) Determine cause of distress. 
(d) Develop feasible alternatives. 
(e) Conduct economic {life cycle cost) and engineering 

analysis of each alternative. 
(f) Select most appropriate alternative. 
~~} Design alternative. 
(h) Provide feedback on performance. 

We believe thi~ a logical, practir::l: approach to addressing pavement 
rehabilitation ~ ~jects. Our observations recolTITlendations and con lusion 
are based upon a limited review. We do not feel that we can briefly 
examine a pavement in a short time period and conclusively give the State 
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the ultimate solution for a problem their engineers have been 
investigating for many months. We appreciate the opportunity to provide 
an outside opinion and to provide items for consideration. We hope our 
visit was as beneficial to the State as it was to us. 

During the field trip, we observed a close working relationship among our 
Regional Office, Division Office and the State. We think this spirit of 
coJperation is excellent, and we look forward to continuing to work with 
the State and our field offices whenever we can provide assistance. 
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From 

To 

us Dewr , 11 em 
of"TrcnSOO'"l'C'TlOI• 
~Higt?way 
Administrat'lon 

Lateral Load Distrjbution and Use of PCC 
Extended Pavement Slabs for Reduced Fatigue 

Chief, Pavement Division 
Washington, O.C. 20590-0001 

Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

Oare 

i:leo•y !O 
Aun ct HH0-12 

Attached are two copies of a report entitled "Lateral Load Distribution and 
Use of PCC Extended Pavement Slabs for Reduced Fatigue." The report was 
written by Mr. Mark Sehr, Highway Engineer Trainee, and the final editing was 

. done by ERES Consu 1 tan ts. 

The paper sul'TITlarizes data and findings from several studies on Lateral Load 
Distribution and Load Stress at Pavement Edge. It ;ncludes discussion of the 
advantages of extended (or widened) lanes for PCC pavements and their effect 
on stress, strain, deflection, and PCC pavement deterioration. 

We believe Mr. Sehr has prepared an excellent report and that it should be 
distributed to the division offices and shared with the States. We don't, 
however, have a·sufficient number of copies to accomplish the desired 
distribution. Feel free to .make copies or contact Mr. Donald Petersen at 
FTS 366-2226 to arrange for the printing of additional copies, or if you have 
any Questions concerning the report. 

Attachment 
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LATERAL LOAD DISTRIBCTIO>; 

A>;D 

THE CSE OF PCC EXTE~DED PA VE:\IE:\'T SLABS 

FOR REDUCED FATIGL.E 

by 

Mark Sehr 
Assistant Regional Pavement Engineer 

June 16, 1989 

FEDERAL HIGHWAY ADMINISTRATION 
REGION 10 

A pape: prepared as a projec: du.::~g an Assistant 
Regional Pave:nent E~gir.eer Tr31::-.mg ass1g:-.!:1er.t. 
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NOTICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exchange. The United States Government assumes no liability for 
its contents or u.se thereof. 

The contents po not necessarily reflect the official views or policy 
of the Department of Transportation, but is a compilation of 
recent research and design concepts. 

This report does not constitute a standard, specification, or 
regulation. 

The United States Government does not endorse products or 
manufacturers. Trade or manufacturers' names appear herein 
only because they are considered essential to the object of this 
document. 
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PCRPOSE 

This paper summarizes data concerning la:eral wheel c:stribut:ons a:-:d 
?rese:;.ts conclusions based on that data. It also exar..ines the advantages or ex:er.de:i 
:or w:dened) portland cement concrete (PC() pave:-r,ent slabs in :err:tS of ~he~r ~::=ec~ 
on st:ess, strain, deflection, and PCC pavement deterioration. 

BACKGROV~D 

Early road widths were only 15 ft (4.6 m), wide enough to handle :.1e ;:ieT.a:-• .::'.s 
of horse-drawn vehicles. Following the discovery of the internal combustion .:r.g:ne 
and the development of motorized vehicles, traffic steadilv increased. The wide:-. or 
roadways increased to 16 ft (4.9 m), and then to 18 ft (5.5 ·m). Bv the late 1928' s, 
primary paved roadways were needed and the construction of 1'0 ft (3.0 ;:n) lar.es ~:J 

. it [6.1 ml roadway) were standard practice. Today, conventional designs -..ise :1 ft 
(3.7 m) lanes as standard practice. 

PAST STUDIES AND COMMENTS ON THE DATA 

The lateral location of traffic in the travel lane is the criteria to determine :hat 
a 12-ft (3.i m) channelized lane is wide enough to withstand the repetitive loads of 
heavy truck traffic, and there have been several studies to determine the lateral truck 
wheel distribution in the pavement lane. These studies were generally initiated for 
design and safety concerns. There recently has been consideration of PCC paveme!1t 
stresses and deflections and their connection with lateral wheel loads and shoulder 
encroachments. The studies· attempt to determine the lateral wheel distribution and 
evaluate the damage done by differing transverse loads to help designers in building 
an adequate pavement structure. To summarize the information on lateral wheel 
distribution and the probability of pavement edge and shoulder encroachment, the 
results from a number of studies on lateral wheel path traffic distribution are 
highlighted in the following text · 

The first study on lateral w~eel distribution was completed by Taragin of the 
Federal Highway Administration in 1958.m This data, which is still used in both 
current PCC and asphalt conaete (AC) pavement design, showed that the highest 
frequency of travel and mean travel path distance occurred at little more than 2 ft 
(0.61 m) from the right pavement edge. The findings stated that an average of 2 . .3 
percent of the mainline truck traffic encroached up to 12 in (305 mm) on the ourside 
shoulder of the test section. The findings also stated that about~ percent of the 
overall traffic drove closer to the ed~e than 12 in (305 mm}. Taragin's study was 
completed on 12-ft (3.7 m) pavement lanes with unpaved shoulders. 

The applicability of these results for current ~onditions can be ques~oned. 
There is some thought that the unpaved shoulders m the study may have oeen an 
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artificial deterrent to the trucks encroaching on the shoulder and thus biased :r.esc 
results. Another consideration is that the size, speed, and number of trucks on the 
road in the 1950's is much less than today (1989}. Tne 2.5 percent tr..ick traffic 
encroaching on the shoulder is considered low based on current traffic charactenst•cs 
shown in studies discussed later in the text. 

The second study was done by Emery of the Georgia Department of 
Transportation in 1974.121 This study found that 53 percent of the overall traffic 
traveled within 12 in (305 mm) of the pavement edge. lt was also observed that at 
least 2.4 percent of the truck traffic encroached on the pavement edge. ~ine percent 
of the traffic was driving in a 15-in (381 mm) wide wheel path that started 3 in (7'6 
mm) inward from the right pavement edge and extended outward to include 12 in 
(305 mm) of the shoulder. This data \ .. ·as obtained from PCC pavements with an 
asphalt concrete shoulder; therefore it was concluded that a visible delineation existed 
between the pavement and the shoulder. 

The data from this study showed that the motorist will drive near the edge of 
the pavement whenever possible in order to reduce or eliminate the uneasiness of 
close parallel travel to other vehicles in adjacent lanes. 

Photo 1 - Illustration of where 
vehicles tend to travel. Many 
vehicles are travelling within 
18 inches of the edge of payement. 

3.8.tS 

Arch
ive

d



· A third study was ?e:ior:-:led :,y :he >."atior-.ai Cvo?e:anve nig:-..... ,a:• :<.esea:-::-. 
P:-ogram (.>."CrrRP 14-3)."'> T."'.is pro1ec:, conc:iuc:ec i:l Georg1a .:.u:::-.g 1975, ·...:sec a : :­
mi (16. l km) test section to follow and observe ra:-.C.oml v selec:ed. :rucks. Sr.oulce: 
enaoachment and the longit"..:.dinal '.engrh or :he .anc:-oach:ne!".r ·.ve:e :-ecor=.ed for 
each selec:ed tr"..lck within the test sec:'ion. A total oi :os ~:;.cks were ioilowed in t~e 
10 mi (16.1 k:n) section in Georgia. The results ap!'ear i:t cables I, 2 and 3. J> T:-,e 
:eng:h and location of the encroac:-.mentS is .show:t in figure I.:;; 

Table 1. Summary of outside shoulder encroachments 
by type of shoulder pavement (reference 3). 

Item 

~umber of Samples 
~umber of Trucks Encroaching 
Percent of Trucks Encroaching 
~umber of Encroachments 
Avg. Encroachments Per Truck 

Encroaching . 
Avg. Encroachments Per Truck 
Avg. Vehicle Speed, km/h · 

>:ote: 1 km/h = 0.621 mph 

Asphalt 
Concete 

129.0 
83.0 
65.3 

398.0 
4.8 

3.1 

Bituminous 
Surface 
Trearr..ent 

76.0 
50.0 
63.8 

279.0 
3.6 

3.i 

Total 

205.0 
133.0 
64.9 

677.0 
3.1 

.., .., 
::; . .;) 

:03.0 

Table 1 is a summary of outside shoulder encroachments by type of shouider 
material. Of the 205 trucks observed, 65 percent encroached on the shoulder at ieast 
once within the test section. App~oximately the same percentage encroached on the 
different types of shoulders studied (AC and Bituminous Suriace Treatment). Thi..s 
seems to indicate that the delineation between a PCC mainline pavement and an 
asphalt concrete shoulder or the rough surface of a bituminous surface treated 
shoulder does not necessarilv deter true.ks from encroachment. A total of 677 
shoulder encroachments were recorded, which is an average of 3 . .3 encroachments per 
truck, per 10 miles of travel on rural interstate. 

Table 2 provides a summary of the number of encroachments on the outside 
shoulder., by type of terrain. The percentage of trucks encroaching on the shoulder is 
approximately the same for both a flat and a rolling terrain. There is not enough 
data on a hillv terrain to make a conclusion, but it would be reasonable to assume 
that it would be approximately the same as t~e others. 
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Table .:. Encroadunents on outside 
shoulder, by type of terrain (reference 3) . 

T:-~ .'.'Iui:r.ber of :-.:umber Enc-oac.~er.:s A·•e:age 
ai Total T:"'..!c..KS Encoac..~"\g oi Per Tr~ci<.s E.:icoac.~e::: - T:"'...!C.XS E:tc-oa c.lur. g Pe:"Cant En coach . .::: en rs Encoac..1..:..-:g ~ e:-:-a.:...., Pe:- T:-.:c..i< 

Flat 67 4,3 64.2 190 -l.42 :.34 
Rolling 134 87 64.9 4'80 5.52 3.58 
Hilly ~ _J 75.0 ...1. 2.33 ' --~ 
All 
Ter-:-ain 205 133 64.9 677 5.09 3.30 

Table 3 shows that the outside shoulder encroachments occurred for an 
average of 4.5 seconds. The average encroachment was for a longitudinal distar.ce oi 
approximately 400 ft (122 m) and 0.60 ft (0.18 m) laterally onto the shoulder Struc::..:re. 

Table 3. Average time and distances of outside 
shoulder encroachments (reference 3>. 

ftem 

Average encroachments per truck in 10 Miles 

Average time on shoulder per encroachment, secs. 
Average longitudinal distance on shoulder per 

encroachment, ft. 

Average transverse distance on shoulder per 
encroach.men t, ft 

Outer 
Shoulder 

3.30 

4.50 

383.86 

0.39 

~edian 
Shoulder 

0.25 

3.40 

344.16 

0.03 

Figure 1 is a summary of the transverse encroachments onto the shoulder. As 
can be seen, the highest frequency of encroaching trucks was approximately 6 in (152 
mm) onto the shoulder. A high percentage of ti.mes when trucks encroach, their dual 
tires are literally split between the pavement edge and shoulder. 

The fact that shoulder encroachments occur regularly is well illustrated by the 
Georgia study. In the 10-mi (16.1 km) test section, the average number of 
encroachments per truck was 3.3. Of the 65 percent trucks encroaching, the average 
number of encroachments per 10 miles was 5.1 (see table 1'81

). Why do certain rr·..icks 
go onto the shoulder more than others? The study was done with no cross-winds 
present, which eliminates an obvious external factor from biasing the results. Truck 
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Photo 2 • Dual wheel split between shoulder and edge of PCC pavement. :\'ote the 
pavement edge stripe location (12--foot PCC pavement slabs). 

weight and the mental/physical condition of the driver may be factors, but their 
effect_ could not be determined from this study. The terrain seemed to have no effect 
on the percentage of trucks on the shoulder. 

The main point to be made from this research is that, for whatever reason, 
trucks do encroach on the shoulder or beyond a 12-ft (3.7 m) channelized lane. The 
3.3 encroachments per truck per 10 miles is not an alarming figure; however, when 
multiplied by the total truck miles accumulated, the total number of encroachments 
quickly adds up. As is discussed in the next section, the greatest damage to PCC 
pavements is done when loads are placed on the outside edge at the comer or at the 
midpoint of the slab. Obviously, encroaching truck traffic places loads at the 
pavement edge. Also, when an edge drop-off is present, the dual wheel splits the 
lane-shoulder joint and all of the load is transferred to only one wheel. This causes 
even higher load concentrations at critical points in the pavement structure. Because 
this edge loading can contribute to failure of the pavement. this is a subject that 
deserves more attention from the highway community. With the use of 
microcomputers and mechanistic design procedures, the pavement design engineer 
can now readily analyze critical load concentrations and calculate the necessary 
lateral support required to minimize damage and economize on thickness design. 
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· The results presemec ::iy E::-.e!"y · • .,:e!"'e ::;:..:=:-c:-:ed :-v a s::.:-:v .:.cr-.e :iv -:-ex.:.5 -::-. 

the lateral placement of true.ks on a highv•ay c:~;::--.g l983. 81 T."'.is. :-ese.3.rc..~: cor.c:-...:..:.:c. 
that approximately 0.5 percent of tl"'.e rr11c:ks sampied completely encoac:.ect onm ~:-.e 
shoulder. Complete encoac!;ment is defined as oc:::.rring when the dual rire is ofr 
the pavement and entirely on the shoulder. L"p to 12 ?erc:ent oi the trucks were 
partially on the shouider, defined as occurring when the dual wheel is on the 
pavement and shoulder simultaneously. A main ?Dint or this st:..:dy is that a :iigi".e:­
percentage of trucks ( 12.0 compared to the :.5 found by Tagarin and E.:nery) are 
running on the shoulder and are not being accounted for in current highway design 
practices. 
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A fifth study was rece:--.dy 
completed by the 
Transportation Researcl'l 
Laboratorv at the L"niversitv 
of Illinois 'in ~arch 1988.'~) · 
This study compared the 
lateral distribution or truck 
wheel travel paths on a 12-ft 

. (3.7 m) PCC freeway lane with 
AC shoulders with two 
extended PCC pavement slab 
widths (13.5 ft [ 4.1 ml and 
13.7 ft [4.2 m]) that were also 
delineated into 12 ft (3.7 ml 
driving lanes. This is shown 
in figures 2 and 3.' .. 1 

The extended PCC pavement 
slab test section was iocated 
on 4.1 mi (6.6 km) oi rural 
freeway on I-57 in Illinois. 
The southbound outside lane 
was striped as a 12-ft (3.7 m) 
lane and the extended PCC 
pavement slab widened 18 in 
(457 mm) into the shoulder. 
The PCC pavement extended 
18 in (457 mm) beyond the 
right lane stripe into the outer 
shoulder. The northbound 
outside slab extension was 20 

in (508 mm), as shown in figure 3.'4' Both directions have asphalt concrete shoulders. 
Due to site limitations, the data collection for the section was limited to one location.· 
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Tne type of tr..J.ck monitored in this study was sem1-rractor :rai:ers. Pl.sse:-.-=:.;: 
vehicles and smaller single unit tr..icks have considerably less impact on edge s:re~ses 
and were not included in the sample. As with the Georgia study, no data was take!"'. 
on days with a strong cross-wind. Also, the study section was on rural interstate a:::. 
the terrain was flat. wit..11 no horiiontal curvature within 2000 ft (610 m) of the :est 
sections. in order to further reduce the effect of external factors. Film from 8mm 
movie cameras was reviewed by the Cniversity of Illinois staff to obtain the data. 

A summary of the lateral encroachments on the edge of the pavement is give!:'\ 
in table 4.<'1 A comparison of the average lateral placement of the truck tires in the 
control section with the extended PCC pavement slab section leads to the conclusion 
that trucks will not significantly move outward in the designated traffic lane. \.Vheei 
path locations show that trucks tend to drive approximately 2 in (51 mm) closer ~o 
the edge line stripe on an extended PCC pavement slab. This would tend to ir.cica:e 
that 'Nith adeauate slab widt~. the oavement strioe location controls the lare:al wi":ee! 
path in which the trucks travel rather than the overall width of the ~avement itself. 

The trucks stayed an average of 20 to 22 in (508 to 559 mm) away from the 
edge lane stripe, whether on a 12-ft (3.7 m) PCC slab or an extended PCC slab 
marked with a 12-ft (3.7 m) driving lane. At first, the 20 to 22 in (508 to 559 mm) 
distance may seem adequate, but after evaluating the data it can be seen that 
approximately 30 percent of the semi-tractor trailers travel 18 in (-157 mm) or less 

Table 4. Values of sample size, lateral distance 0 (figutes 2 and 3141
), 

standard deviation, and percent shoulder encroachments for 
the lateral distribution of truck wheel paths (reference 4). 

Distance Percent Shoulder 
Sample From Edge EnaoachmentS 
Size D.in we Sta:\dard (Bevond Lane 

(Vehicle) (Fig. 2&t.3lm Stn~. ll\ Dev .. U\ Sm~l 

Control Section 536 22.0 22.0 9.0 0.7 
18-in Extended Section 691 38.1 20.1 9.1 1.7 
20-in Extended Section 613 40.5 20.5 9.1 0.7 
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from the slab edge. The number of trucks within 12 in DOS rr.m) oi t:ie siao edge :s 
approximately 10 percent (Figure 4).' 4

> This is a significant number oi trucks 
travelling at the edge of the rec pavements and, if these results can be considered 
representative of t_he rest of the country, indicates that a large m.irnber of edge 
loadings are not being considered in most oi the State highway agencies deSig;l _ 

processes. 

[t should also b€ noted that none of the trucks sampled in the widened lane 
pavement test sections traveled on to the PCC pavement edge or AC shoulder. A 
small percentage did encroach on the edge lane stripe, but none went to the 
pavement edge itself. 

Figures 4, 5, and 6 show the data collected for each test section and the control 
section.'"1 These once again show that the average distance from the edge stripe is 
between 20 and 22 in (508 and 559 mm). A significant percent of the truck traffic 
does travel within 18 in (457 mm) of the PCC slab edge on the control section. The 
extended PCC pavement slab sections had very little traffic within 18 in (457 mm) of 
the edge of the PCC slab. This can be seen dearly in the graphs of the distribution of 
trucks, as indicated by the mean lateral distribution (x). 

Photo 3 - A truck travelling near the edge of pavement. Note the pavement edge 
stripe location (12-ft PCC pavement slabs). 
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Since the extended PCC pavement slabs had little effect on the lateral wheel 
path of the trucks, it suggests that the pavement edge stripe has a ma}or effect on the 
traffic distribution. However, opinions on this point differ among maintenance, 
traffic, design, and construction engineers. If the pavement edge stripe is located 
more than 12 ft (3.i m) from the centerline and on an AC shoulder, where will the 
trucks' wheel paths be located? Will they be 20 in (508 mm) away from the edge or 
the PCC slab or 20 in (508 mm) away from the edge stripe itself? It is a question tha~ 
deserves much more thought by highway agencies. 

ANALYSIS OF DATA ON PCC PAVEME:'.'41 DETERIORATION 

Extended PCC pavement slabs refers to PCC slabs which are built wider ~han 
the conventional 12-ft (3.7 m) striped traffic lane. The normal siab extension that has 
typically been constructed varies from 1 to 3 ft (0.3 to 0.9 m). The basic concept 
behind the construction of extended slabs is to keep the heavy wheel loads away 
from the outside edge of the pavement so that traffic loads used in design can be 
considered interior loads. ''Truck wheel loads placed at the outside pavement edge 
create more severe conditions than any other load position. As the truck placement 
moves inward a few inches from the edge, the effects decrease substantially."'191 

Extended PCC pavement slabs are not, however, a replacement for an adequate 
shoulder pavement structure. An extended PCC pavement slab should be used with 
an adequate shoulder structure to meet an agency· .s own design .standards. 
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1n considering the potential benefits from the use or .;x:e:-.ci.;c! ?aver..en: Slabs. 
their effect on pavement deterioration should be recognized. In ~his secnon, slao 
stress, strain, deflection, and moist...::-e infiltration are considered as thev are related. :o 
extended PCC slabs. ' 

Stress and accumulated pavement fatigue are two parameters used to calc.;ia:e 
the damage done to a PCC pavement by applied loads. It is widely accepted that 
"the most critical pavement stresses occur when the truck wheels are placed at or 
near the pavement edge and midway between the joints."•Sl Since the critical stress 
occurs at the mid-point of the panel, load transfer devices at transverse joints do not 
have a great influence on the load stresses at the mid-panel. The effect of rrucks 
running at the pavement edge can be shown by the stress-fatigue analysis in figure 
7.c!l The fatigue was calculated at various locations on the PCC slab, inward from the 
slab edge, for different truck wheel load placements. "This factor, when multiplied 
by edge load stress, gives the same degree of fatigue consumption that would result 
from a given truck placement distribution:-<S> As the lateral truck wheel distribution 
moves away from the PCC slab edge and inward on the slab, the total number oi 
load repetitions increases, but the damage due to stress decreases. As illustrate'! by 
figure 7, the fatigue stress decreases as the percent trucks at the edge decreases:~1 
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A 
. . . ' .. . 

• .. ~· - I , ' I'';:•• ""' •""I f'• ~ • ' 1 ' . ..:Leo.e ..... a. e. a ..... _ .. o .. or ... e e .. ec. or ex~e!"\c.ec Sia:s c:-. s::ess . ~-=::.::-. · . ., :.5 
pe!"fot:-:;ed using :he PC version oi fLUSLAB. A :-t ft by 16 :: . 4.3 ;,v 4.9 :-:lJ 5 ia'.:: 2 : 

varying thicknesses was r:-.odeled on a subg:ade w1:.1t a load ac::lied.at ~:-.e s:a:- 5 
midpoint on the outer edge. The induced stress was then cak~lared at t~at ::oi:-,: '.a 
-t-ln [101 mm] offset a:Ld at fur:her offsets from the t:dge oi 8 in, :6 :n, and 2.:, i:: 
(203, 406, and 6 i.O m~) by moving the load inward on the slab. As is sh0"'-'11 in 
figure S, there is a large reduction in stress that :esults from rnovir,cr loads a wa v ::or:-. 
the siab edge. This reduction is greater for thinner slabs. Si:,ce srr:ss is :'elared :o 
fatigue and, ultmately, deterioration of the siab, this reducion in stress is a cesir:i.b:e 
goal. 
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Figure 8 

The effect of wheel load placement on pavement slab strains has also been 
documented. A5 measured in test sections by the Minnesota Department of 
Transportation (MnDOTI, pavement strains are shown to be greatest at the free edge 
of the PCC slab (see figur,e 9).16

) The edge strain reduces quickly as the wheel load 
moves inward from the edge of pavement, as shown in figure 10 (from a MNDOT 
laboratory test slab) and tends to level off when the applied load is 18 to 24 in (4:5i :o 
610 mm) from the edge of pavement.;61 "In general, free-edge strains were 36 percent 
to 50 percent greater than interior strains.''u.i 
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Measurements and established data on 1," '-'"Fir'b .:.ind curling of PCC 
pavements and the effect of extended rec pc.t V\:;'.riLCTlL sL::.b!i with 12 ft (3.i m} 
channelized traffic lanes is limited. ··warping leavas slabs unsupported for distar.ces 
of as much as 4 to 5 ft (1.2 to 1.5 ·m) at slab cmnc:~·s ''"d 2 to 3 ft (0.6 to 0.9 m) at sla:, 
edges ... noi The loss of support along the slab edges and the compressive forces of the 
concrete itself are two adverse effects of warping. Curling refers to the concrete slab 
behavior due to the differing temperatures in the slab depth. Slabs curl upward 
(corner support lost) during the night because the temperatures are cooler on the top 
surface than on the bottom of the slab. Conversely, slabs curl downward (corners 
downward) during the day due to the warmer temperatures on the top surface oi the 
slab compared to the bottom. There is not enough information available to see any 
differences in warping and curling with the use of extended rec pavement slabs. 

Water infiltration underneath existing pavements is being emphasized as a 
major factor in the deterioration of some pavement structures. The use of extended 
pavement slabs would mean less traffic directly on the longitudinal shoulder joint 
(either PCC or AC shoulder). The required maintenance of the joint seal should be 
lower and the seal achieved during construction would function as an effective joint 
for a longer period of time because of the fewer applied loads. With a better 
performing joint, there should be less water infiltrating through the longitudinal edge 
joint to the underlying base material and less potential deflections due to the lateral 
wheel load location. 

Photo 4 - Illustration of PCC pavement/shoulder joint deterioration. Note the 
pavement edge line location (12-foot lanes). 
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T:1e :...se of exre!"'.ced ;:;a 1:e::-.e!"\t s;abs wiil lead to tr:l~!"ove~ :-a::e::-. .e'."'.: 
performance. The exter.dec life \ .. ·iil be due to lower edge ·stra::-.s.':-eC.'.:.:e-::: -.:;·.-.:=:-::.~: 
stress, lower edge and corner deflections, and less water iniilr.ar.on ~r.rm:.g;.. :.:-.e 
longitudinal pavement shouider jOint. It should be possible to des1gn a :I1::::-.er 
pavement section with extended pavement slabs and obtain the sar..e per7or::'.a:-.:e ~.:; 
that or a thicker pavement without extended slabs. "Results or a studv conci-. .. :c:ed '.:iv 
the Construction Technology Laboratories for the Federal Highway Administra~:on · 
indicate that lane widening is an efficient method of improving pavement response 
under traffic toad:·mi Improved performance can realistically be expec~ed ~:-or:-, t:-.e 
use. of extended pavement slabs without drastic changes of design. Wich :=-.e :or:-ec~ 
information available, highway designers will support the construc:ion oi ex:e!"'.cied 
pavement slabs to extend the life of the pavement, with no decrease in saie~y er 
increase in initial {unit price) costs. 

It should be noted that the benefits of extended slabs can onlv be realized if 
the slabs are properly.striped. Since the stripe appears to control the lateral wheel 
distribution, placement of the lane-shoulder stripe must be done at the 12 ft (3.i :T.l 
mark and not at the edge of the extended slab or even on the adjacent shoulder. 

SAFETY CONCERNS 

The· issue of safety is also a subject that should be addressed when discussing 
the use of extended slabs with the traffic lane striped at 12 ft (3.7 m). Discussion 
with the Office of Highway Safety and Regional Safety Engineers indicates that there 
are no increased safety problems with the use of extended lanes when compared to 
standard 12 ft (3.7 m> lanes: In fact, widened lanes are equal or superior to the 
conventional lanes, from the standpoint of user safety. However, it should be noted 
that extended PCC slabs should not be considered a replacement for a shoulder 
structure. 

In the area of user safety, lane edge stripe maintenance and location on 
extended pavement slabs has been a debated subject. Practices on standard 12 ft 
(3.7 m) pavements differ from Sta~e to State and even between different areas of a 
State. There are two basic theories about where to put the pavement lane edge stripe 
when shoulder struc:tUres differ from mainline pavement type. One practice places 
the edge line stripe on the PCC pavement (mainline) to keep the load off of the 
pavement/shoulder joint. The advantages of keeping the wheel loads 18 to 36 in (45i 
to 914 mm) away from the pavement have already been discussed and documented: 

The second practice is to place the pavement edge line stripe beyond the 
pavement/shoulder joint and onto the shoulder (usually AC). One of the reasons for 
this practice is that the edge line will last a longer period of time, therefore red~cing 
the associated maintenance costs (paint, trucks, crew). The other support for this 
practice lies in the color contrast between the white paint of the edge line and the 
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Photos 5 &: 6 - Two examples of widened lane pavements performing as designed 
(inside lane 12 feet, outside lane 14 feet and striped at 12.5 feet). 
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black color of the asphalt shoulder. However, economic :-arr.::=:ca::ons or ::c:e.e:::e.: 
pavement deterioration far exceed potential main:e::'tance be!".e:l.ts of inc:-eas::-.g :=-.e 
effective stripe life. 

" 
Yfost design engineers acknowledge the advantages oi extended ::iave:ner.t 

slabs in keeping the traffic off of the shoulders. However, t.he control of rhe ac:-..:al 
paincng of the edge line stripes is in the hands of traffic and ::--.ai:-ite:--.ance eng:r.ee:s. 
Cntil design concepts and concerns are thoroughly understood by this grou?: ma:'\y 
extended slab designs will be wasted because of im?roper edge line piace:-::i.ent. 
When comparing the costs of annual or bi-annual painting of edge lines a:td a ::0-30 
percent extended pavement life, the benefit-cost ratio supports correctly placed and 
maintained edge stripes. There is also little conclusive data that supports the conce?t 
of better edge line delineation on AC pavements than on PCC pavements. 

CLOSING STATEMENTS 

When gathering data for this paper, many research reports on differing 
subjects were reviewed that briefly mention extended pavement slabs and their 
benefits. Information regarding extended slabs and stresses, strains, deflections, and 
overall pavement deterioration is limited to portions of studies done on other 
subjects; there have been only a few studies performed recently that concentrate 
solely on lateral wheel load distribution and PCC pavement fatigue. 

The greatest use of extended slabs is concentrated in the midwest (Iowa, 
Minnesota, South Dakota, and Wisconsin), with each State's design a little different. 
They are all building extended slabs for the same reason; to move the heavy truck 
wheel loads away from the edge of pavement. Extended pavement slabs have also 
been used in Georgia, Idaho, Louisiana, and Oregon. Delaware wlil be constructing 
its first extended pavement slab project during their 1989 construction season. As 
more pavements are built with extended slabs, much more information will be 
available on their performance. 

There are points in the previous text that deserve repeating. 

• Present wheel load distribution will be an average of 20 to 22 in (508 to 
559 mm) away from the lane edge stripe on 12 ft (3.7 m) PCC slabs. 

• The edge stripe, and not the overall width of the lane, controls lateral 
truck wheel distribution. 

• Studies have shown that detrimental edge loads are reduced 
significantly at 16 to 20 in (406 to 508 mm) away from the PCC 
pavement edge. 

3.8.23 

Arch
ive

d



• A PCC pavement :hat is widened 18 to 24 in (457 to 610 !'Ttr.~) and 
striped with a 12-it (3.7 m) lane can expect a 20 to 30 percent inC'ease in 
pavement fatigue life and reduced maintenance costs. 
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US. Deoci Ii I ent 
ot~ 

federof Hkahwa1 
Admtnistrc:mon 

suc1eet Longi tu di na 1 Crack fng at Transverse 
Joints of New Jointed Portland Cement 
Concrete (PCC) Pavement with PCC Shoulders 

From Chief, Pavement Design and 
Rehabilitation Branch 

To: Regional Federal Highway Administrators 
Attn: Pavement Specialists 

Memorandum 

Washington, O.C. 20590 

Date NOV 3 0 1£89 

Reoty 10· 
Ann of HH0-12 

Attached is a report outlining a longitudinal cracking problem that occurred at 
the transverse joints near the edges of a mainline PCC pavement. This cracking 
is believed to be the result of the intrusion of·mortar into the mainline 
transverse joints durin~ shoulder construction. 

The report indicates that the mainline PCC pavement was placed in warmer 
sumner weather while the PCC shoulders were subsequently placed during cooler 
weather after the contraction joints had opened. When the shoulders were 
placed, mortar intruded into the mainline contraction joints and hardened. 
During the placement of the shoulders the contractor provided additional 
vibration along the lane/shoulder joint. This may have increased the flo~·of 
mortar into the open joints. With warmer weather, the slabs, unable to expand, 
developed longitudinal cracks near both edges of the mainline pavement. 

It is recommended that, in similar situations, States consider sealing the 
sides of the contraction joints prior to placing adjacent pavement. This would 
prevent the intrusion of mortar into the joint. 

Attachment 

3.9.1 

Arch
ive

d



Arch
ive

d



I-6A Loigi. tu din al Crad<ing - 1986 

.~::ELEM 

Ji .JU"le 3, 1988 project perSO"lnel cri 35-miles of a yet-to-be opened to traffic 
sectic::ri of I-64 noted some lc::rigi tudinal crad<ing ai ootn sides of tne 
transverse contractioi joints in the portland cenent CO'lcrete (pee) pav!!'Tlent. 
At first, the lcriQi tudinal c:rad<ing appeared to be limited to a COJi;ile of 
interd"lange ranps, hO'liever, it was soon fOU"ld to be scattered thrOJgiOJt the 
approxirrately eleven miles of pee pavement having ;:xx st"lO\Jl.ders. The other 24 
miles of yet-to-t:e OP!ned sectiai of I-64 ccnsisting of i:cc pavenent naviflg 
asp1alt stloulders was net experiencing any cracking. The c:raci<s were 
typically 12·18 .il"ld"les in length and were located a~roxiJnately 9-12 indies 
from the mainline/ shoulder joint. 'ftlen cracking occu:rTed, the crad<s were 
always present ai both sides of the transverse cont:ractiai joint and near the 
in.side and OJtside of the mainline/ shoulder lcrigi tudinal joints. 

SAO<GROUNO 

The eleven miles of pee pavement were placed in 1987 U"lder 3 paving projects 
involving two CO"ltractcrs. The mainline pee consists of 12-ind"I jointed, 
mesh-reinforced concrete pavement having AO-foot joint spacing. The typical 
secticri consists of two travel lanes with an addi ticnal. tnJd< clintlino l.,e 
for sev!!I'al secticris. The tied ShOJlc:lers a:r"lsis t of lO-ind'\ nai-reinfo:rced 
ccnc:rete pavement nav in; 20-root joint spacing. The shoulders are tied to the 
mainline pavement with hex»< bolts. Free dr:ain~g base material consisting of 

-;gregate (~. 57 stcne) treated with two percent af paving aspialt by wei.Qit 
: the ag;Jregate is in place beneath the mainline and shculoer pee pavement. 
cngi tudinal and transverse joints were sawed and sealed using a low rrcc:k.Jlus 
~iliccne sealant. This secticn 01' I-64 was sd'ledJled to be opened tc traffic 
on July l5 so it was imperative that the cause of the prctllem be determined 
and an acceptable solutiai foU"ld before the road was opened. 

on J\.l"le 6, Messrs. w.T. Kelley, O.M. Hart and O.J. VoeJ.Xer observed WVOOH 
persoinel conc:i.Jcting a coring operatiai en the eastba.ind of'f'-r~ at the 
Seaver Interchange. The core bit had caused a spall at the pavement/Shoulder 
interface adjacent to the transverse ccntracticn joint. It ai:Qeared that 
hardened mortar was in the transverse c::aitracticn joint below the backer rod. 
See attad"led drawing. 

Altnoui;ti there were two c:U:fferent paving contractors, we believe they used 
similar methods aid sequence or paving operations as QJtlined below. From 
discussiais with project perscnnel, we believe the contractor slip.formed 
24-foot wide mainline pee pavement aid 16-foot wide pee interchange ramps. As 
soon as p::issitlle thereafter but no later than 24 ho.lrs after placing the new 
pee, an initial saw cut 5116-ind'\ wide and 3-l/4 indi deep was trade at the 
contraction joints. The contractor then placed a 318-ind'\ backer rod in the 
saw cut to keep out inc:ompressibles. This was later rem01ed ..tien the final 
saw cut was made. Final sawing of the transverse cont:racticn joints in the 
mainline pavement was dcrie befare the pee shoulders were placed. Final 
reservoir shape was 5/8-ind'\ width by 1 112-inc:h depth. The contractor placed 
backer rod aid slliccne in the joint, however, the specifications did not 
·ec:iuire him to seal the edges of' the transverse i:cc joints at the 
.ainline/shoulder joint. As shewn in secticri s-a of the attached drawing, the 
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.t:rcng possibility existed there was an opening below the bad<er rod at tne 
transverse coit:ractiai joint/shoule31!r ec:t;e. Also, in many eases, a vertical 
crack Oelow the eaitractiCJ"I joint had farmed and was rot sealed bef are the 
adjacent· shoulder was pl.aced. 

Since the State earlier nad sane ccnc:erns r:r-1er ~oper o:xisolidaticn of the pee 
at the mainline/shoulder la'\¢tudinal joint, the caitractars placed vibratars 
near this edc;;1e and may have increased the nunbm: of rpns en the vibraters. 
This could have permitted intrusien of rnartar into the opll'ling below the 
backer rOd and in the vertical crack as the lhculder paving operatic:n 
progressed past the nainline transverse caitracticn jc.f.nt. Inspections of 
sane joints indicate this mortar had typically eitared the opening below the 
backer rod accut 4-5 inches but in some cases Chigi side of super-elevated 
secticns) this intrusicn was as nuch as 7-8 ind"les •. The mainline pavemll'lt was 
placed during JU"le-.July 1987. Mast of the interd"l8"1ge ramps were slip-farmed 
in August-sectember l.987. The pee shoulders were placed cn the mainline 
pavement during Sef.')tentier-Octccer and en the ramp sections during 
O:tober-Novanber, 1987. The lcngi tudinal Joints between the mainline and 
Shoulders were saw cut to a depth of l 112 inches 8"1d 5/8-inch width • 

• Project persainel stated that in sane places, the ccntractors saw blades 
during the final saw cut were nardly tcuching the walls of the t:ransvm:se 
c:ontracticn joints. In otnm: wordS, it is possible the slabs had 
sl..bstantially caitracted during cooler w•thm: causing the joints to opfl'I. 

ll joint sealing operati.cns were ccmpl.eted before the Win tar of 1987-88. 
1here was no indicatiai of 'll'ty cracking in the pee pavement during the Spring 
ot 1988. · 

When the weather in May and Juie became very warm (hi~s in IJR)er so•s and low 
90's), cracks oegan to appear. It is believed the slabs were uiable te 
properly expand cJ.Je to the hardened mortar in the transverse contractiai 
joints, causing the la'\Qitudinal cracking as shown in the attached drawing. 

Soluticn: 

It was agreed that all the transverse joints wa.Jld be re-sawed at the 
ll'Binline/tr~ck lane and rrainline/snouldm: Joints. It was felt .nether a 
lcngitudinal crack was already preseit, it was ~rative that each joint be 
sawed. A 5/8-inch wide by 6-8 inch deep saw cut was nade. Care was taken to 
ensure the saw cut oily extended abaJt 6-7 inches into the mainline slab te 
prevent possible cutt.tno or the dowel bars in the caitractia'\ jc.f.nt. The new 
saw OJts were then cleaned using a wire brush mcuitad ai a portable saw 
chassis and air blasted clean. If .,Y incompressible appeared to remain in 
the joint, a second saw cut was mad! in an attempt to further breakcbWn the 
incompressible. The joints wee then resealed with backer rod and low-modulus 
silic:one. 

Areas that already cracked were visually examined and sa.11ded to dl!termirie it 
delaminations had occurred. Partial depth patd"les were rrade in delaminated 
areas.. Cracks that had not caused delaminatiais were sealed with hi~ 
.iolecula:r wei!flt rrethacrylate. · 
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All o~eratict'lS were a:mpleted by July l, allowinr;;i ribbai cutt.ing cerem:::nies to 
::iroc:eed without delay oi July 15. To prevent futlJre prd:Jlems, the State 
in tends to roodi fy their plans and speci fie.a ti ens to reQUire tt\e ca1tractar to 
prevent the intr~ioi of any incompressible materials into the transverse 
f;Ol"ltractioi joints ...,en placing adjacent pavement. Also, caisideratioi is 
being given to requiring. final...saw -cutting within a reasaiable time after 
initial saw cutting to prevent the potential of slabs sig\i.1'icantly 
con tr acting or expanding OJe to weather. 
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Date 
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Mixing, Agitation, and Transportation 
Placement and consolidation 
curing and Protection 
Concrete Distress Conditions 
Manufactured Concrete Products 
Quality Control and Testing 

1. PURPOSE. To set forth guidance and recommendations 
relat~nq to portland cement concrete materials, 
covering the areas of material selection, mixture 
design, mixing, ~lacement, and quality control. 

2. BACKGROUND 

a. Each year approximately 46 million cubic meters of 
concrete are used in all highway construction. 
The vast majority of States use a prescription 
type specification for portland cement concrete, 
often specifying minimum. cement content, maximum 
water cement ratio, slump range, air content, and 
many times aggreqate proportions. Admixtures such 
as fly ash are incorporated into mixes as a part 
of the prescription. 

b. This system has worked fairly well in the past but 
may change as emphasis is placed on performance 
based specifications. States have begun to reduce 
or eliminate the amount of inspection at concrete 
plants as automation has increased productivity. 

3 • MA1ERIALS 

a. Portland Cement. The proper type of portland 
cement should be specified for the conditions 
which exist. 

OPt: HNG-23 
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( 1) 

( 3) 

Types I, II, III, IP, and IS are typically 
used in highway construction. Type I is used 
when no special circumstances exist. Type II 
is used when sulfate exposure conditicns are 
present. Type III is used when high early 
strengths are required. The use of Types IP 
and IS result in lower early strength gains 
and can be substituted for Type I cement when 
early strength is not a concern. In addition 
to the above mentioned types, Types IV and v 
are sometimes used in highway applications to 
meet special conditions. Further information 
about these cements can be found in the book 
Design and Control of Concrete Mixtures 
published by the Portland Cement Association 
(PCA). 

It is recommended that the acceptance of 
portland cement be based on certification by 
the supplier. The certification should 
contain the lot number of the cement. The 
supplier's test results should accompany the 
certification or· be available to the State. 
Verification samples should be taken and used 
as part of the acceptance system: 

If alkali aggregate reactivity (AAR) is a 
concern, a maximum alkali content of 0.6 
percent should be specified. Some State 
highway agencies consider this amount too 
high and recommend smaller amounts. If 
AAR is a problem in the State, a review 
of a States• Materials Manual is suggested. 
See Concrete Distress Conditions Section 
for other remedies. 

b. Aggregates. Aggregates make up 60 to 70 percent 
of the volume of concrete mixes. A significant 
portion of poorly performing highway concrete can 
be traced to aggregate quality problems. 

( l) The fine aggregate should meet the 
requirements of the American Association 
of State Highway and Transportation Officials 
(AASHTO) M 6. 
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(2) The range for the gradation of fine 
aggregate is quite broad. The fineness 
modulus (FM), calculated using AASHTO T 27, 
can be used as a tool for assessing the 
variability of the fine aggregate gradation. 
The specifications should limit the range of 
the FM between 2.3 and 3.1 according to 
AASHTO M6 and the variation of the FM should 
not be more than 0.20 from the value of the 
aggregate source. 

(3) The FM is a means to control the influence 
that fine aggregate has on workability and 
the air content of the mix and is sometimes 
specified in the mix design. Further 
information regarding FM can be found in the 
Federal Highway Administration's manual FHWA­
ED-89-006 (Portland Cement concrete Materials 
Manual). 

(4) It should also be noted that to provide good 
skid resistance, the PCA recommends that the 
siliceous particle content of the fine 
aggregate should be at least 25 percent. 
Consideration should be given, however, to 
the possibility of alkali-silica reactions 
when this is done. 

(5) The coarse aggregate should meet the 
requirements stated in AASHTO M so. For most 
parts of the country the severe exposure 
requirements should be used which means the 
use of class A aggregate for structural 
concrete and class B aggregate for pavements. 
The following table contains some of the more 
common information provided by Table l in 
AASHTO M 80. 
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Class A Aqqreqate Class B Aqqreqate 

Clay lumps and 2% 3% 
friable particles 

Chert 3% 3% 

Sum of clay 
lumps, friable 3% 5% 
particles and 
chert 

Material finer 1% 1% 
than N'o. 200 

Coal and Lianite 0.5% 0.5% 

Abrasion 50% 50% 

Sodium sulfate 12% 12% 
Soundness 

c. Water 

(1) The water serves as a key material in the 
hydration of the cement. In general, potable 
water is recommended although ~ome non­
potable water may also be acceptable for 
making concrete. Water of questionable 
quality should be examined since this can 
effect the strength and setting time. The 
following criteria is contained in Table 1 in 
AASHTO M 157 and is based on control tests 
made with distilled water: 

Test Limits 
compressive strength 

percent of control tests at 7 days 90 

Time of set 
deviation from control 
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(2) Wash water can be used to make concrete 
providing the resulting concrete mix water 
meets the following criteria in Table 2 in 
AASHTO M 157: 

Chemical 
Chloride as percent of weight of 
cement for the following uses: 

prestressed concrete 
reinforced concrete in 

moist environment 
exposed to chlorides 

reinforced concrete in 
moist environment 
not exposed to chlorides 

sulfates 
alkalis 
total solids 

Limits 

0.06 

0.10 

0.15 

3000 ppm 
600 ppm 
50,000 ppm 

(J) If there is any question about the water, it 
should be tested using AASHTO T 26. 

(4) It should be noted that the American Concrete 
Institute (ACI) provides more stringent 
tolerances for total chlorides in the mix. 
The chloride content for wash water in 
AASHTO M 157 is recommended for total 
chloride content in ACI 201.2R 22. 

d. Admixtures. Admixtures are typically placed in 
mixes to improve the quality or performance. They 
can af feet several properties and can have a 
adverse impact on the mix if not used properly. 
To avoid possible problems, it is suggested that 
trial batches be made to evaluate the mix. 

{l) Air entraininq admixtures should be specified 
when concrete will be exposed to freeze/thaw 
conditions, deicing salt applications, or 
sulfate attack. Recommendations for air 
content are contained in paragraph 4d. 
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(a} A vinsol resin type admixture should be 
added when fly ash having a variable 
loss on ignition (LOI) content (between 
3 percent and 6 percent) is present. 
This is because of the effect that fly 
ash's fineness and carbon content has on 
the air entrainment system. Fly ashes 
not having a variable LOI do not have an 
adverse impact on entraining agents and 
therefore vinsol resin type admixtures 
may not be necessary. 

(b) The specifications for air entraining 
admixtures are contained in 
AASHTO M 154. 

(2) Chemical admixtures include water reducers, 
retarders, accelerators, high range water 
reducers (superplasticizers), corrosion 
inhibitors and combinations of the above. 
The specifications for chemical admixtures 
are contained in AASHTO M 194. 

(a} Mixes containing admixtures are 
permitted an increase in shrinkage and a 
decrease in freeze thaw durability (as 
indicated in Table 1 AASHTO M 194) in 
comparison with mixes having no 
admixtures. 

(b) Admixtures are usually accepted based on 
preapproval of the material and supplier 
certification. Verification tests 
should be performed on liquid admixtures 
to confirm that the material is the same 
as that which was approved. The 
identifying tests include chloride and 
solids content, pH, and infrared 
spectrometry. 

(c) Water reducers and retarders may be used 
in bridge deck concrete to extend the 
time of set. This is especially , 
important when the length of placement 
may result in flexural cracks created by 
dead load deflections during placement. 
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Of ten water reducers and retarders may 
increase the potential for shrinkage 
cracks and bleeding. Because of these 
concerns, increased attention needs to 
be placed on curi~g and protection. 

(d) High range water reducers can be used 
to make high slump concretes at normal 
water cement (w/cl ratios or normal 
range slumps at low w/c ratios. The 
primary concern with the use of these 
admixtures is the loss of slump which 
occurs in 30 to 60 minutes. Redosing 
twice with additional admixture is 
allowed by ACI 2l2.4R; however, redosing 
typically reduces air entrainment. Type 
F and G high range water reducers may 
also be used. Type G has the added 
advantage of containing a retarding 
agent. 

l If transit mix trucks are used to 
mix.high slump concrete, it is 
recommended that a 75mm slump 
concrete be used at a full mixing 
capacity to ensure uniform concrete 
properties. If transit mix trucks 
are used to mix low w/c ratio 
concrete, it is recommended that , 
the load size be reduced to 
1/2 to 2/3 the mixing capacity to 

" ensure uniform concrete properties. 
Admixture companies are 
recommending additional mixing time 
with low w/c mixtures instead of 
decreasing the size of the load. 
This may have detrimental effects 
on some properties of the concrete 
such as the degradation of the 
aggregate resulting from over 
mixing. 

High range water reducers may also 
affect the size and spacing of 
entrained air. If Freeze-Thaw 
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testing as described by ASTM c 666 
indicates this to be a problem, it 
is recommended that the air content 
be increased by l~ percent. 

(e) Calcium chloride, the most commonly used 
accelerator, has been associated with 
corrosion of reinforcing steel and 
should not be used where reinforcing 
steel is present. In addition to the 
corrosion problem calcium chloride also 
reduces suleate resistance, increases 
alkali-aggregate reaction, and increases 
shrinkage. Calcium chloride should not 
be used in hot weather conditions, 
prestressed concrete, or steam cured 
concrete. In applications using calcium 
chloride, the dosage rate should be 
limited to 2 percent by weight of 
cement. 

{f) Non-Calcium Chloride accelerators are 
available and can be used where 
reinforcing steel is present. However, 
care must be taken in selecting these 
since some may be soluble salts which 
can also aggravate corrosion. 

(g) Calcium Nitrate, which can be used as a 
corrosion inhibitor, also can function 
as an accelerator. There are no 
consensus standards available for the 
use ot this material. Manufacturer 
specification sheets should be consulted 
for proper use. 

(3) Mineral admixtures include fly ash, ground 
granulated blast furnace slag, natural 
pozzolans, lime, and microsilica (microsilica 
is also known as silica fume). currently 
all of these materials are being used as 
additives or to reduce cement contents. 
Mineral admixtures are accepted based on 
approved sources with certifications and 
verification samples. 
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(a) According to the American society of 
Testing and Materials (ASTM) c 618 and 
AASHTO M 295 there are two classes of 
fly ash, class C and class F. Since 
variability in fineness and carbon 
content can affect air content, the 
optional uniformity specifications in 
AASHTO M 295 should be specified when 
air entrained concrete is used. Fly 
ashes with LOI values less than 3 
percent will typically not affect air 
content. Vinsol resin air entrainment 
admixtures should be specified when fly 
ash with LOI higher than J percent is 
used. 

l Fly ash may be used as a supplement 
or a replacement and is typically 
limited to 15 to 25 percent. If it 
is used as a replacement, it 
replaces cement on a l.O to 1.2:1 
basis by weight. 

1 Fly ash can be used to increase 
workability, reduce permeability, 
and mitigate alkali silica reaction 
(ASR); some Class c can make it 
worse. Class F fly ash with a 
calcium oxide content less than 
10 percent can be used to mitigate 
ASR and sulfate attack. Fly ash 

.. with a calcium oxide content 
greater than 10 percent should be 
used in concrete which will be 
subjected to sulfate attack only 
with verification testing. This 
percentage and fly ash 
classification should only be used 
as a guide; further qualification 
should be based on ASTM C 452. 

2 The cementing action with fly ash 
is pozzolanic in nature. The 
pozzolanic reaction with fly ash 
stops at approximately 4° Celsius. 
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Precautions need to be taken when 
using fly ash in concrete at lower 
temperatures. It should also be 
noted that fly ash can reduce early 
strength development and, 
therefore, should be monitored 
closely. 

(b) Ground granulated blast furnace slag 
specifications are contained in 
AASHTO M 302. 

l Ground granulated blast furnace 
slag (GGBFS) is a cementitious 
material and can be substituted for 
cement on a 1:1 basis by weight for 
up to 50 percent of the cement in 
the mix. 

For fresh concrete using GGBFS, the 
air entrainment agent dosage may 
need to be increased. The 
workability and f inishability 
typically are improved but in mixes 
having high cementitious material 
content, mixes can be sticky and 
difficult to finish. Bleeding may 
be reduced and setting time may be 
longer. 

Ground granulated blast furnace 
slag can reduce sulfate attack, 
alkali-aggregate reactions, and 
permeability. The rate of strength 
gain is usually decreased and 
sensitive to low temperature. 

{c) Microsilica specifications are contained 
in AASHTO M 307. Microsilica can be 
used as an admixture or as a replacement 
for an equivalent amount of cement to 
produce high strength concrete. 
Microsilica will reduce permeabili~y and 
help reduce alkali-aggregate reactions. 
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l Microsilica has been used as an 
addition to concrete up to 
15 percent by weight ot cement, 
although the normal proportion is 
10 percent. With an addition of 
15 percent, the potential exists 
for very strong, brittle concrete. 
It increases the water demand in a 
concrete mix; however, dosage rates 
of less than 5 percent will not 
typically require a water reducer. 
High replacement rates will require 
the use of a high range water 
reducer. 

Microsilica greatly increases the 
cohesion of a mix, virtually 
eliminating the potential for 
segregation. However, the cohesion 
may cause mixes to be sticky and 
difficult to finish. It may be 
necessary to specify a higher slump 
than normal to offset the increased 
cohesion and maintain workability. 
In addition, microsilica in the mix 
greatly reduces bleeding; 
therefore, mixes which contain 
microsilica tend to have a greater 
potential for plastic shrinkage 
cracking. It is imperative to use 
the proper curing methods to 
prevent the surface water from 
evaporating too quickly. 

4. PROPORTIONING. Most of the concrete placed in highway 
facilities in the United States are under severe 
exposure conditions. State highway agencies specify a 
recipe for concrete mixes which includes minimum cement 
content, maximum water-cement ratio, air content range, 
and minimum strength. These requirements are necessary 
to _!.S,hieve durability, as well as strength. 

a. The maximum aggregate size should be as large as 
possible. This reduces total aggregate surface 
area and results in lower cement demand. The 
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maximum aggregate size should be limited to 
20 percent of the narrowest dimension of a 
concrete member, 75 percent of the clear spacing 
between reinforcing steel, or 33 percent of the 
depth of a slab for unreinforced concrete. 

b. The minimum cement content refers to all 
cementitious and pozzolanic material in the 
concrete, including cement and any mineral 
admixtures that are being added to or substituted 
for cement. Replacement rates should be based on 
those contained in paragraph 3d(3). 

(l) The PCA,recommends a minimum cement content 
of 335 kg/m3 fo~ concrete placed in severe 
exposure conditions and ACI 316R recommends a 
minimum cement content of 335 kg/m3 for 
concrete pavements in all locations unless 
local experience indicates satisfactory 
performance with lower cement contents. Even 
if strength requirements can be met with a 
lower cement content, a minimum cement 
content of 335 kg/m3 should be used unless it 
can be demonstrated, that the concrete will be 
durable. 

(2) In cases where local experience allows a 
reduction in cement content below 335 kg/m3 

the cement content should not be reduced 
below the following minimum cement contents 
recommended by ACI 302.lR Table 5.2.4 for 
concrete slab and floor construction. The 
minimum cement contents listed below are 
based on the nominal maximum size of the 
aggregate. The cement content decreases as 
the nominal maximum aggregate size increases 
due to the decrease in aggregate surface 
area. 

Nominal maximum size 
aggregate, mm 

37. Smm 
25mm 
l9mm 
12.Smm 
9.Smm 
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Cement content 
kg/m3 

280kg/m3 

310kg/m3 

320kg/m3 

350kg/m3 

36Skg/m3 
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(3) Low strength concrete in the field should not 
be addressed by arbitrarily increasing the 
cement content since an increase in cement 
content will increase the water demand 
leading to higher shrinkage and permeability. 
All changes in mix proportions should be 
evaluated with a trial batch. 

c. The water-cement ratio in all cases should be as 
low as possible while maintaining workability. 
For freeze thaw resistance the following maximum 
water cement ratios are recommended in ACI 201.2R. 

Thin sections (bridge decks, pavements and 
curbs) and sections with less than 25 mm 
cover and concrete exposed to deicing 
salts 0.45 

all other structures 0.50 

The water-cement ratio should include the 
weight of all cement, pozzolan, and other 
cementitious material. 

d. The air content in the mortar fraction of"the mix 
should contain approxim~tely 9 percent air for 
concrete mixes.exposed to severe conditions. 

(1) The following recommendations are from 
ACI 201.2R Table l.4.3. 

Nominal maximum size 
aggregate, mm 

37.Smm 
25mm 
l9mm 
12.Smm 
9.Smm 

Air content 
Percent 

5-1/2 
6 
6 
7 
7-1/2 

(2) The specified tolerance for air content 
should be ± l~ percent. 

5. PROPER'l'IES OF CONCRETE· Trial batches should be 
performed on all mixes at the expected placement 
temperatures. This is especially true for mixes 
containing multiple admixtures. 
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a. Workability. A concrete mix must be workable to 
ensure proper consolidation and finishing. The 
workability of a mix is a function of the 
gradation of the aggregate, amount and type of 
admixt.ures, water content, concrete temperature, 
and time. Once a workable mix is established 
during the trial batch process, slump can be used 
to monitor the consistency and uniformity of the 
mix. Slump, by itself, is not a measure of 
workability. 

b. Durability 

(l) Freeze-thaw durability depends on durable 
aggregates, proper air entrainment, low 
permeability, and a low water-cement ratio. 

(2} D-cracking is strictly a pavement durability 
problem and is associated with aggregates. 
It should be addressed with the source 
approval of the aggregates. 

{3) Alkali aggregate reactions are mostly the 
result of the alkali content of the cement in 
the concrete. The most common alkali 
aggregate reaction is associated with 
silicious aggregates although reactions have 
occurred with carbonate materials. If a 
reactive aggregate is encountered, several 
options are available: not using the source 
of aggregate, using a low alkali cement, 
using fly ash, or using microsilica. If 
alkali reactive aggregates are used, test.ing 
should be performed with the mix prior to its 
use to ensure a durable concrete. 

(4) Resistance to or susceptibility to sulfate 
attack depends on the chemical composition of 
the cementitious portion of the concrete. 
Sulfate attack can occur from ground water, 
deicing salts, or sea water. Type II or 
Type V cement or some fly ashes, may be used 
to mitigate the problem. • 

c. Strength. The strength requirement is the 
compressive strength, f'c, at 28 days. This must 
be equal to or exceed the average of any set of 
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three consecu:ive strength tes=s. No i~dividual 
test (average of :wo cylinders) can be more than 
3.5 ~Pa below the strength requirements in the 
specification. 

6. ~:x:~G' AG:TAT::m c AND TRA.'l\J'SPORTAT!Q:-1 

a. !n crder to ensure proper operation, a concrete 
plant must be calibrated and inspected. ?lant 
approval should include all the items covered in 
the Checklist for Portland Cement Concrete Plant 
Inspection (Attachment l). This same checklist 
also discusses the inspection of truck mixers. 
The plant certification program operated by the 
National Ready Mix Concrete Association covers the 
same information contained in the attachment. 

b. The mixing time for central mixers and approval of 
truck mixers should be determined by the 
uniformity test discussed in AASHTO M 157, Ready 
Mixed Concrete. The test is based on the 
comparison of tests on samples taken at the first 
and last 15 percent of the load. The following 
are maximum permissible differences to consider 
the mix properly mixed. 

Test 

Unit weight (air free basis) 
Air content 
Slump 

less than lOOmm 
100 to lSOmm 

Coarse aggregate content 
Unit weight of air free mortar 
Compressive strength (7 day) 

Maximum 
Difference 

15 kg/m3 
I 

l percent 

2Smm 
37. Smm 
6.0 percent 
1.6 percent 
7.5 percent 

c. Water added at the job site must be measured 
accurately. A water meter is the most accurate. 
method for determining the amount of water added 
to the mix. 

d. The recommendations for testing appear in 
paragraph ll, Quality Control and Testing, of this 
document. 
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e. The haul time should be limited to 90 minutes for 
truck mixers that agitate the mix and 30 minutes 
for trucks that do not agitate the mix. The 
maximum number of revolutions for truck mixers 
should be limited to 300. 

f. No admixtures or water should be permitted to be 
added to the mix after the mixer has started 
unloading. 

7. PLACEMENT AND CONSOLIDATION 

a. Prior to placement of the concrete an inspection 
should occur covering the items in either the 
checklist for the placement of structural concrete 
(Attachment 2) or the checklist for the placement 
of concrete paving (Attachment 3). 

b. Acceptance testing for pumped concrete should 
occur a~ the discharge end of the pump. 

c. Aluminum pipe and chutes should net be used in 
concrete pumping operations. 

d. Concrete can be conveyed to the location of 
placement by several commonly used methods 
including pumps, belt conveyors, buckets, chutes, 
and dropchutes. Care should be taken to ensure 
that there is no debris or blockages that will 
hinder or influence the properties or flow of the 
material. · Concrete should not be allowed to free 
fall from distances greater than l.2 meters to 
avoid segregation. 

e. All concrete should be accompanied to the project 
with a delivery ticket. A sample delivery ticket 
appears as Attachment 4. 

f ~_...-..The proper consolidation of concrete is a 
significant factor in the ultimate performance of 
the concrete and it is achieved through vibration. 
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(1) The following are recommended frequencies for 
vibrators from ACI 309. 

Diameter of 
head, mm 

20 to 40 mm 
30 to 6S mm 
so to 90 mm 

CURING AND PROT~CTION 

a. Curinq 

Frequency 
vibrations per minute 

10,000 - 15,000 
9,000 - 13,500 
8,000 - 12,000 

(l} curing is performed to maintain the presence 
of water in concrete and to provide a 
favorable temperature for cement hydration. 
Methods of curing include ponding, spraying, 
and fogging with water, wet covers such as 
burlap, plastic sheets, membranes, and the 
use of steam, electric forms, or insulation. 

(2) The application rate of a particula~ curing 
compound should be based on the rate 
established during the approval process of 
the curing compound. The AASHTO M 148 
in?icates that a rate of application of 
Sm /liter should be used for testing the 
material if no other rate is specified. 

b. Protection 

(1) Cold weather protection should be required 
when it is expected that the daily mean 
temperature for three consecutive days will 
fall below 4° Celsius. The following 
recommendations are for the minimum 
temperatures for delivered concrete as they 
appear in AASHTO M 157. 

_._.Air Minimum Concrete Temperature 

Temperature Thin Thick 

-1 to 7°C 
-18° to -l°C 
Below -1a 0 c 
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Thin sections are defined as those less than 
300 mm. 

(2) concrete should never be placed on a frozen 
subgrade. Care should be taken to assure 
that the subgrade is free from frost. 

(3) Hot weather conditions can be defined as a 
condition of high temperature, low humidity, 
and high winds. The existence of these 
conditions can be determined by finding the 
evaporation rate described in ACI 305 and 
included in Attachment 5. An evaporation 
rate exceeding.l kg/m2/hr has the potential 
of causing plastic shrinkage cracks. The 
evaporation rate is a function of concrete 
temperature, ambient temperature, relative 
humidity, and wind velocity. This chart 
has been incorporated into several State 
specifications. It may not completely apply 
in all cases, especially in mixes containing 
admixtures which ~educe the amount of 
bleeding. 

(4) In addition to the plastic shrinkage cracking 
problem, ultimate strength will decrease with 
higher temperatures. The ACI has not 
recommended a maximum concrete temperature 
since strength loss can be compensated for by 
other means. 

However, significant strength loss occurs 
above 32°C. Due to the strength loss and 
increase in potential for plastic shrinkage 
cracking, many States have set a maximum 
ambient placement temperature of 32°C. In 
all cases, trial batches should be performed 
at the highest expected temperature to ensure 
that the concrete will have the desired 
properties. 

9. CONCRETE DISTRESS CONQITIONS 

a. Alkali aggregate reactivity can be one of two 
types, alkali-silica and alkali-carbonate. The 
most prominent problem is cracking of the concrete 
due to the alkali-silica reaction (ASB). 
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(l) A widely used test to determine ASR is 
ASTM C 227. The current test criteria allow 
a maximum expansion of 0.05 percent at 
3 months and 0.1 percent at 6 months. 
Research by PCA indicates that the critical 
criteria is O.l percent ultimate expansion. 
Since some reactions take longer than others, 
testing shouid continue as iong as expansion 
is occurring. Some aggregates may take 
several years to show expansion. 

(a) Recently the Strategic Highway Research 
Program developed a test which can be 
used for rapid determination of ASR. It 
is called the Gel Fluorescence Test and 
can be performed easily and 
inexpensively by field personnel. .With 
this test, a S percent solution of 
uranyl acetate is applied on the 
concrete surface. Ultraviolet light is 
then used to illuminate the surface and 
if ASR exists, a yellow-green 
fluorescent glow will appear. Some 
safety concerns may be associated with 
this test so proper precautions are 
recommended. It should also be noted 
that the test ~s limited to preexisting 
concrete and not to fresh concrete. 

(b) Alkali-silica reaction can be mitigated 
by limiting the alkali content of 
portland cement to 0.6 percent, by using 
class F fly ash or microsilica 
admixtures, or by reducing the water to 
cement ratio. The success of this 
approach may be limited; therefore, 
laboratory testing should be conducted. 
Protecting the final structure from 
moisture also reduces ASR. 

(c) Although PCA recommends 25 percent of 
the fine aggregate be siliceous material 
to improve skid resistance, the use of 
some siliceous material can promote the 
ASR reaction and requires care to ensure 
this will not occur. 
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(2) Alkali-carbonate reaction {ACR} may occur 
with dolomitic limestones which contain large 
amounts of calcite, clay, or silts. 
ASTM C 586 is used to screen dolomitic 
materials for alkali-carbonate reactions. 

b. D-cracking occurs when freeze-thaw conditions 
combine with saturated concrete made from 
susceptible coarse aggregates. The problem is 
only associated with pavements. Some dolomites 
and limestones are susceptible due to their pore 
structure. 

'(l) The most common ·test for predicting 
D-cracking susceptible aggregates is 
AASHTO T 161. There are two methods 
contained in the procedure. In method A 
the specimens are immersed in water for 
freezing and thawing. In method B the 
specimens are frozen in air and thawed in 
water. The number of freeze thaw cycles 
varies between 300 to 350. The minimum 
durability factor specified by the States 
range between so and 95. Some States have 
also specified a maximum expansion criteria 
range between 0.025 percent and 0.06 percent. 
It should be noted that the test method 
allows a significant range of time for 
freezing and thawing cycles. This can· 
account for the variation in the criteria 
used by the States. Care needs to be taken 
when establishing criteria so that it will 
correspond to the test equipment and the 
history of performance of the aggregates. 

(2) The hydraulic fracture test developed under 
SHRP may be able to provide a determination 
of the D-cracking susceptibility of 
aggregates in only about l week compared with 
the 8 weeks for T 161. In this test, dry 
aggregates are submerged in a pressure 
chamber and the pressure is increased to 
force water into the pores. After releasing 
the pressure, o-cracking susceptible 
aggregate will fracture as the water is 
forced out of the pores. 
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10. MANUFACTURED CONCRETE PRODUCTS Concrete products 
consist of structural elements constructed at a plant 
and trucked to the jobsite. These precast products 
typically consist of beans, pipes, barriers, poles and 
other special elements. The criteria outlined #i~hin 
this docu~ent apply to these products as well. 
Additional information about prestressed products are 
contained in the Checklist for Prestressed Concrete 
Products in Attachment 6. 

11. QUALITY CONTROL AND TESTING 

a. All testing should be performed by certified 
technicians. The ACI and the National Institute 
for Certification in Engineering Technologies 
(NICET) administer a concrete technician 
certification program. Guidance for establishing 
a certification program for testing personnel 
appears in a FHWA paper titled "Laboratory 
Accreditation and Certification of Testing 
Personnel." 

b. · Process control testing should be performed on 
aggregate moisture content, aggregate gradation, 
air content, unit weight, and slump at the plant. 

(1) The specifications should require that the 
contractor provide a process control plan. 
The State should also provide guidance on the 
minimum requirements for a process control 
plan. As a minimum, the process control plan 
should include the information contained in 
Attachment 7. 

(2) All process control tests should be plotted 
on control charts. Control charts are a good 
visual tool for discovering trends quickly 
before major problems occur. 

c. The acceptance procedures should include 
monitoring of the process control activities 
including aggregate gradation testing. In 
addition, acceptance testing at placement would 
include slump, strength, and air content. Close 
monitoring of the water-cement ratio is also 
required since this will ultimately affect the 
durability and strength of the concrete. 
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Additional information on acceptance procedures is 
provided in the Technical Advisory on Acceptance 
of Materials T 5080.11. 

d. It is recommended that compressive strength be 
accepted using statistical criteria (based on 
average strength and standard deviation) to ensure 
that the strength, f'c, at 28 days, is equal or 
exceeded by the average of any set of three 
consecutive strength tests. No individual test 
(average of two cylinders) can be more than 3.5 
MPa below the specified strength. There are two 
strengths to be considered. One is the minimum 
specified strength (f 'c) which is a function of 
the structural requirements. The second is the 
average strength for mix design ( f • :r) • The f 1 :r 

must be higher than f 'c to ensure that the 
concrete will exceed the minimum specified 
strength. The following recommendations for f'cr 
are from ACI 318. 

(l) Unknown Standard Deviation 

Specified compressive 
strength, MPa 

f' c 

Less than 20MPa 

20MPa to 35MPa 

over 35MPa 

(2) Known Standard Deviation 

Required average 
compressive. 
strength, MPa 

f '~r 

f'c + 6.9 

f'~ + S.J 

f':: + 9.6 

For greater than 30 test results (one test 
result is the average of two cylinder breaks) 
f'cr is the greater of the two values from 
the following equations. 

MP a 

f 1 er = f 1 
c + 1. 45 

f 1 er = f 'c: + 2 • 4S - 3 • 5 

s = Standard deviation 
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(3) For 15 to 30 test results the standard 
deviation in the above formulas can be 
modified by the following factors. 

No. of Tests 

Less than 15 
15 
20 
25 
30 

Modification factor for 
standard deviation 

use table for unknown s 
1. 16 
1. 08 
1. 03 
1.00 

e. Air content and slump should be accepted based on 
an attribute system, i.e., pass/fail. The 
following is a recommended criteria. 

Acceptance 
criteria 

Acceptable 

Acceptable for 
trucks on 
the road 

Reject 

Air content 
deviation, % 

< l.5 

1.5 to 2 

> 2 

Slump 
deviation, 
mm 
< .2 Smrn 

25 to 31. Smm 

> 31. Smm 

f. Testinq procedures for resistance to freeze-thaw 
damaqe, deicinq salt attack, and abrasion 
resistance are lonq and involved and do not lend 
themselves to testing on a routine basis. These 
tests are usually conducted to determine the 
durability of the concrete. It should also be 
noted that hiqh strength concrete does not always 
insure durable concrete. 

Attachments 

~(Li?~ 
Anthony R. Kane . 
Associate Administrator 

for Program Development 
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CHECKLIST FOR 
PORTLAND CEMENT CONCRETE PLANT INSPECTION 

1. Materials 

A. Cements and Mineral Admixtures (cement, fly ash, 
etc.) 

(1) Is evidence of cement or fly ash 
acceptability present (certification, test 
results)? 

(2) Are bins or silos tight and provide for free 
movement to discharge opening? 

(3) Are bins or silos periodically emptied to 
check for caking? 

(4} Plants should provide separate storage for 
each type of cement or mineral admixture 
being used. Are the materials being isolated 
to prevent intermingling or contamination? 

B. Aggregates 

(1) Does the plant display evidence of source 
approval? 

(2) Are aggregates stockpiled to prevent 
segregation and degradation? The pref erred 
method of stockpiling is in layers. Cone 
shaped stockpiles will segregate. 

{3) Are stockpiles adequately separated to 
prevent intermingling? 

(4) Does the plant maintain separate storage bins 
or compartments for each size or type of 
aggregate? Are the aggregates tested for 
gradation and moisture content? 

(5) What is the surface underneath stockpiles? 
Soil or paved? Are the stockpiles covered? 
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c. Water 

(1) Does the plant have an adequate water supply 
with pressure sufficient to prevent 
interference with accuracy of measurement? 

(2) Is there any evidence or history of 
contaminants in supply? 

o. Liquid Admixtures 

(l) Is there evidence of source approval? 

(2) Is the admixture and dispensing equipment 
protected from freezing, contamination, or 
dilution? 

(3) How often are the admixture metering and 
dispensing equipment periodically cleaned? 

2. Batching Equipment 

A. Scales 

(l) 

(2) 

(3) 

(4) 

--(5) 

(6) 

Scales should indicate weight by means of a 
beam with balance indicator, full range dial, 
or digital display. 

For all types of batching systems the 
weighing devices must be readable by the 
batchman and the inspector from their normal 
stations. 

Scales should be certified or should be 
calibrated with a certified scale. 

Ten 25 kilogram test weights should be 
available at the plant at all times. 

Scale accuracy should generally be within 
plus or minus .4 percent of the scale 
capacity. 

Water meters will need to be calibrated to 1 
percent of total added amount. 
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(1) Cementitious material should be weighed on a 
3cale that is separate and distinct from 
other materials. 

(2) Bins with adequate separation should be 
provided :or fine aggregate and each size 
coarse aggregate. 

(3) Weigh hoppers should not allow the 
accumulation of tare materials and should 
fully discharge into the mixer. 

(4) Batchers should be capable of completely 
stopping the flow of material and water 
batchers should be capable of leak free 
cut off. 

(5) Separate dispensers will be provided for each 
admixture. 

(6} Each volumetric admixture dispenser should be 
an accurately calibrated container that is 
visible to the batchman from his normal 
position. 

(7) Aggregate should be measured to plus or minus 
2 percent of the desired weight, cement to 
l percent, water to 1 percent and admixtures 
to 3 percent. 

(8) Semi-automatic and automatic control 
mechanisms should be appropriately 
interlocked. 

3. Mixing 

A. Stationary Mixers 

.. ._{l) Mixers should be equipped with a metal plate 
that indicates mixing speed and capacity. 

(2) Mixers should be equipped with an acceptable 
timing device that will not permit discharge 
until the specified mixing time has elapsed. 
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(3) Mixers are to be examined periodically co 
detect changes in condition due to 
accumulation of hardened concrete or blade 
wear. A copy of the manufacturer's design, 
showing dimensions and arrangements of 
blades, should be available at the plant at 
all times. 

B. Truck Mixers 

(l) Mixers should be equipped with a metal plate 
that indicates mixing speed, capacity, mixing 
revolutions, agitating speed and agitating 
capacity. 

(2) Mixers should be equipped with a revolution 
counter. 

(3) Mixers are to be examined to determine 
satisfactory interior condition, that is, no 
appreciable accumulation of hardened concrete 
and no excessive blade wear. A copy of the 
manufacturer's design, showing dimensions and 
arrangements of blades·, should be available 
at the plant at all times. 

(4) Charging and discharge openings and chutes 
should be in good condition. 

4. weather 

A. Hot Weather 

(l) When concreting during hot weather, is plant 
equipped to cool ingredients? Is equipment 
available to produce acceptable ice? 

(2) How are aggregates cooled? If by sprinkling, 
is provision made to account for excessive 
water? 

B. Cold Weather 

(l) When concreting during cold weather, is plant 
equipped to heat ingredients to prod~ce 
concrete of applicable minimum temperature. 
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CHECKLIST FOR 
STRUCTURAL CONCRETE 

1. TREATMENT OF FOUNDATION MATERIAL 

Has special care been taken not to disturb the bottom 
of any foundation excavation? 

2. CURING 

rs the concrete being cured for 7 days, by one of the 
following methods? 

(a) Waterproof paper method 

(b) Polyethylene sheeting method 

(c) Wetted burlap method 

(d) Membrane curing method 

3. REINFQRCEMENT BAR STOBAGE 

Are all delivered rebars being stored above the ground 
upon skids, platform, or other supports? A light 
coating of rust will not be considered objectionable. 

Are epoxy coated bars being stored on padded supports 
and handled to prevent damage to the bar coating? 

4. FORMS 

Are the forms clean, braced, tight, and sufficiently 
rigid to prevent distortion? 

When wooden forms are used, are they dressed lumber or 
plywood and oiled prior to rebar placement? 

Are all sharp corners in forms being filleted with 
20 millimeters molding, unless otherwise specified? 

5. REINFQRCEHENT BAR PLACEMENT 

Are all reinforcement bars tied securely in place? Are 
epoxy coated bars being tied with plastic or epoxy 
coated tie wire? 
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When epoxy coated bars are cut in the field, are they 
being sawed, sheared, or cut with a torch? Cutting 
with a torch is not acceptable. If cut in the field, 
the bars should be repainted at the cut ends with a 
similar type of epoxy paint. 

Are at least 50 percent of the bar intersections being 
tied? 

Are all rebar laps of the specified length? 

Are all portions of metal bar supports in contact with 
any concrete surface galvanized or plastic coated? Are 
epoxy coated bars being supported with plastic, plastic 
coated, or epoxy wire chairs? 

Are the reinforcement bar support in sufficient 
quantity and adequately spaced to rigidly support the 
reinforcement bars? 

After epoxy coated bars are in place, are the bars 
inspected for damage to the· coating and is the 
contractor repairing all scars and minor defects using 
the specified repair materials? · 

Is the finishing machine being used to detect high bars 
by making a "dry run" over the length of the deck prior 
to concrete placement? Is the proper coverage.being 
maintained between the bars and any form work or 
surface, top, side, and bottom? 

6. PRE-POUB INSPECTION 

Prior to the placement of the concrete have the 
reinforcement bars, construction joints, and forms been 
cleaned of mortar, dirt, and debris? 

Are the strike-off screeds set to crown, and other 
equipment on the job-site {such as vibrators) in good 
~king condition? 

7. USE OF RETARDING APMIXTURE CBRIPGE QECKl 

If the specified temperature is reached, is a retarding 
admixture being used in the bridge deck concrete? 
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Are proper precautions being taken for hot and cold 
weather concrete? 

If outside temperatures warrant it, are temperature 
checks of the plastic concrete being taken? 

9. TIME OF HAUL 

Is all concrete that is being hauled in truck mixers 
being deposited within 90 minutes from the time stamped 
on the tickets? 

If central-mixed concrete is hauled in nonagitor 
trucks, is the concrete being deposited within 
30 minutes? 

10. REVOLUTIONS 

Have 70 to 100 mixing revolutions at mixing speed been 
put on the truck at the required speed (6-18 RPM)? 

Have 30 mixing .revolutions been placed on the truck at 
the required speed {6-18 RPM} after water has been 
added at the site? · 

Is the agitating speed between 2-6 RPM? 

Are total number of revolutions being limited to 300? 

11. CONCRETE QELIVEBX TICKET 

Are all truck tickets being properly completed, 
collected, and retained? 

12. WATER CONTROL 

Is all water that is being added to the mix accounted 
for and checked to ensure the w/c ratio is not 
e~p!,!!ded? 

13. AIR CONTENT DETERMINATION 

Are air content tests being perf orm.ed according to the 
required frequency? 
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14. SLUMP TEST 

Are slump tests bring performed according to the 
required frequency? 

15. STRENGTH TEST 

Are concrete test specimens being cast at the site of 
work as per the required frequency? 

16. PLACING CONCRETE 

Is the concrete being deposited as near its final 
position as possible? fMoving concrete horizontally 
with vibrators is not permitted.) 

Is the concrete being bucketed, belt conveyed, pumped, 
or otherwise placed in such a manner as to avoid 
segregation and is not being allowed to drop more than 
1.2 meters? 

17. CONSOLIDATION 

Is all the concrete being consolidated with hand 
operated spud vibrators while it is being placed? 

18. FINISHING CDECKSl 

Is a finishing machine (having at least one 
reciprocating, nonvibratory screed operating on rails 
or other supports) being used to strike off and screed 
the bridge deck? 

19. STBAIGHTEQGE TESTING AND SUBFACE COBRECTION CDECKl 

Is the plastic concrete being tested for trueness with 
a 3 meter straightedge held in contact with the slab in 
successive positions parallel to the centerline? 

Are all depressions being immediately filled and all 
l'Wtgh areas being cut down and refinished? 

20. SUBFACE TEXTUBING 

Is the deck surface being textured with either a burlap 
drag or an artificial turf drag followed by tining with 
a flexible metal comb? 
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CHECKLIST 
FOR 

PORTLAND CEMENT CONCRETE PAVING 

1, SUBBASE TRIMMING 

Has the subbase been trimmed prior to paving? 

2. PAVING FORMS (IF USED) 

Are tne forms: metal, not less than 3 meters in 
length, equipped with both pin locks and joint locks, 
within 2 millimeters along the length of its upper 
edge, within 7.5 millimeters along the length of its 
front face, and in sufficient supply. 

Is the height of form face at least the edge thickness 
of proposed pavement, the base width equal to or 
greater than the height, and are three steel pins being 
used to secure each section? 

Are the forms being set on a hard and true grade, built 
up in 12.5 millimeters maximum lifts of granular 
material in low areas (without using wooden shims) and 
oiled prior to the placing of concrete? 

When wooden forms are allowed, are they full depth, 
smooth, free of warp, not less than 50 millimeters 
thick when used on tangent, and securely fastened to 
line and grade? 

Are curved form of metal or wood being used on curves 
of 30 meters radius.or less? 

3. FORM ALIGNMENT 

Is the contractor checking the forms for line and grade 
and making necessary adjustments prior to concrete 
placement? 

4. TEMPLATE 

Is the surf ace of the subbase being tested for crown 
and elevation by means of a template? 
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5. SIJBBASE THICKNESS TEST 

After trimming, is the thickness of the subbase being 
checked? 

6. DRAINAGE 

Is the subgrade being kept drained during all 
operations? Are all berms of earth deposited adjacent 
to the grade being kept drained by cutting lateral 
ditches through the berms? 

7. LUG SYSTEMS CCONTINUQUSLY REINFORCEPl 

If concrete lug end anchorages are specified, are they 
staked and checked for dimensions and re-bar placement 
as shown in the plans? 

Are they constructed of Structural Concrete at least 
24 hours prior to pavement construction? 

a. LONGITIIDINAL JOINT KEYWAY AND BARS 

Are the beginning and ending stations marked where 
adjacent curb, median, or pavement will.necessitate the 
placement of keyway and/or bars in the edge of the 
proposed pavement? 

9. SUPERELEVAIION STA!(ING 

Are the plan curb data examined for all curves to 
determine where to stake the beginning and ending 
stations for ail superelevation transitions? 

10. TEMPEBAIURE LIMITAIIONS 

Does the outside air temperature in the shade meet 
State specifications? 

Does the temperature of the concrete meet State 
st5'!cifications at the time of placement? 

ll. REINFORCEMENT LAPPING 

Are the locations and lengths of lap for bar or fabric 
reinforcement in conformance with the specifications. 

Are all bar and fabric laps being tied? 
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:s all concrete in a stationary mixer being deposited 
within 30 minutes when hauled in non-agitating trucks 
and within 90 minutes when hauled in agitator trucks? 

Is transit mixed concrete being delivered and deposited 
within 90 minutes from the time stamped on the ticket? 

If the contractor plans to use previously placed 
·pavement as _a haul road, are the truck weights checked 
to assure compliance with maximum weights permitted by 
State Law? 

13. REINFORCEMENT PLACEMENT 

Is the reinforcement being placed in accordance with 
one of the following methods? 

Method A - After the full depth concrete is struck off 
;the reinforcement should be placed into the concrete to 
the -required depth by mechanical means. 

Method B - The reinforcement should be supported on the 
prepared subbase by approved chairs having sand plates. 

Method C - When the concrete is being placed in two 
layers the reinforcement should be laid full length on 
the struck-off bottom layer of concrete in its final 
position without further manipulation. (Cover within 
30 minutes.} The depth of the first lift is 2/3 the 
depth of the pavement. 

Method p - The reinforcement may be placed in the 
pavement using a method which does not require 
transverse steel or support chairs for support of the 
longitudinal steel. Tie bars at longitudinal joints 
are still required. 

14. SEQUENCES OF FOBM TXPE PAVING 

Is all of the required concrete finishing equipment on 
the job and in acceptable working condition? Are the 
following sequences for form type paving being properly 
followed: 
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(a) Placing concrete. As little rehandling as 
possible. If equipment used can cause 
segregation, is the concrete being unloaded 
into an approved spreading device? 

(b} Strike-off. Is the concrete being struck 
full width to the approximate cross section 
of the pavement? 

(c) Consolidation. Is one pass of an approved 
surf ace vibrator or internal vibrator being 
made?_ 

(d) Screeding. Are· at least two passes with a 
machine having two oscillating screeds, and a 
finisher float being made? 

(e) Straightedging - Are at least two 3 meter 
long shoulder operated or surface operated 
surface trueness testers (straightedges) 
being used? 

(f) Surfacing Texturing - Are State 
specifications for texturing and tining being 
followed? · 

15~ SEOVENCES OF SLIPFOBM PAVING 

When the contractor uses this optional method for the 
construction of the pavement are the following 
sequences being properly followed: 

(a) Is the formless paver capable of spreading, 
consolidating internally, screeding and float 
finishing the newly placed concrete in one 
pass to the required line and grade? 

Cb) Is the pavement being straightedged, edged, 
and textured as required in the previous 
question 14? 

(c) Does the contractor have available at all 
times metal or wooden sideforms and burlap or 
curing paper for the protection of the 
pavement in case of rain? 

{d) Is the contractor immediately.repairing all 
slumping edges in excess of 12.5 millimeters? 
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16. THICKNESS TEST 

Is the thickness of the pavement being checked? 

17. AIR CONTENT 

Is the air content being tested as required by the 
frequency chart? 

18. SLUMP 

Is the slump being checked as required by the frequency 
chart? 

19. REINFORCEMENT. DOWEL. ANP TIE BAR DEPTH CHECKS 

Is the concrete being probed to check the vertical and 
horizontal positioning of the pavement reinforcement, 
dowels, and tie bars?· 

. 2 0 . STRENGTH _._ -~: ... ... 

Are test specimens being cast at the site of work at 
the required f+equency: 

_(al at; _least onf! set per day 
(b} one set for every 150 meters of two lane 

pavement (300 meters of _one lane pavement) 

21. LONGITUQINAL JOINT 

(a) Are tie bars placed properly? 

(b) Are the joints sawed at the same time as the 
transverse joints with pavement widths 
greater than 7.3 meters? Are they cleaned 
and immediately filled with sealer? 

22. TRAHSYQSE JOINTS 

·- - (a) Are the smooth dowel bars positioned parallel 
to the grade at a depth of ~ t. · 

Are the dowel bars coated with a thin bond 
breaker? 

Are the capped ends of the bar coated with a 
debondinq agent? ·(Expansion joints) 
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(b) Is a 1/JT deep groove being sawed over each 
assembly as soon as possible after concrete 
placement? Cleaned immediately? 

(c) Are all joints being sealed after the curing 
period and before opening to traffic? 

23. TRANSVERSE CONSTRUCTION JOINTS·CCONTINUOUSLX REINFORCED 
CONCRETEl 

(a) Are construction joints being placed at the 
end of each day's operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

(b) Are construction joints being placed at least 
l meter from nearest bar lap? 

(c) Are construction joints strengthened by 
supplementary 1.8 meter long bars of the same 
nominal diameter as the longitudinal steel so 
that the area of steel through the joint is 
increased by at least l/J? 

(d) Are construction joints formed-by means of a 
clean (not oiled) split header board 
conforming to the cross section of the 
pavement? 

(e) Is the concrete at construction joints being 
given supplemental internal vibration along 
the length of the joint both at the end of 
the day's operation and once again at the 
resumption on the next day? This is 
critical. 

24. TBANSVERSE CONSTRUCTION JOINTS (JOINTED PAVEMENT) 

(a) 

(b) 

Are construction joints being placed at the 
end of each day•s operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

Are construction joints being placed at least 
3 meters from any transverse joint? 
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{c) Are construction joints being strengthened by 
epoxy coated dowel bars of the same size and 
positioning as specified for contraction 
joints? 

Is a thin coating of bonding breaking agent 
applied to the dowels? 

(d) Are construction joints·being formed by means 
of a suitable header board conforming to the 
cross-section of the pavement? 

25. STJEPLUS - DEFICIENCY DETEEMINATION 

Is a daily check being made on the yield of produced 
concrete? 

26. CUEING 

Are the pavement surf ace and edges be~ng cured by one 
of the following methods: 

(a) Waterproof Paper Method. Are the surfaces 
being covered as soon as possible with 
blankets or tear-free reinforced kraft paper, 
with 300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

{b) Polyethylene Sheeting Method. Are surfaces 
covered as soon as possible with 30 meter 
long she~ts of white polyethylene, with 
300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

(c) Wetted Burlap Method. Are surfaces covered 
as soon as possible with two layers of wet 
burlap, with 150 millimeter laps? Kept 
saturated by means of a mechanically operated 
sprinkling system or an impermeable covering? 
(Alternate: one burlap and one burlene 
blanket) 
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HAUL TICKET FOR 
TRUCK MIX CONCRETE 

PROJECT NO. 
BATCHED FROM (PLANT) 
NO. CUBIC METERS 

DATE: 
TRUCK NO. 
CLASS OF 

CONCRETE ------- --------
BATCH WEIGHTS 

CEMENT BRAND 
kg ------~ 

FINE AGGR. SOURCE 
kg -----

COARSE AGGR. SOURCE 
kg ---

FLY ASH SOURCE 
kg ---------

WATER 
MAXIMUM WATER ALLOWED, Liter 
FREE MOISTURE 

AIR ENTRAINMENT BRAND -----grams 
RETARDER BRAN~~o--------

grams 
WATER REDUCER-....B_RAN_..,D.,._-------

ml 

CA Liters 
FA Liters ----------­

WATER ADDED AT PLANT Liters 
MAXIMUM WATER THAT CAN BE 

ADDED AT THE SITE Liters ------------------
PLANT 

TIME WATER ADDED TO MIX 
AM 

----PM 

NUMBER OF MIXING 

Signature -----------

3.10.41 

SITE 

TIME OISCHARED COMPLETED 
AM 

----PM 
WATER ADDED AT JOBSITE 

Liters 
TOTAL WATER IN BAT"""ca-­

Li ters 
MIXING REVOLUTIONS_A,....T...--

SITE 
TOTAL NO. OF REVo-Eu-t-r"""o!'PIN.,..S 
SLUMP AIR ---
UNIT WEIGHT 
CONC. TEMP ------
AIR TEMP -------
Signature --------
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NOMOGRAPH USED TO 
DETERMINE EVAPORATION RATE 

35 

Air temp., °C 
t 

~ 4 
To use this chart: N e 

1. Enter with air -....... 
~ 

temperature, .. 
=3 move up to rel- .a 

ative humidity. -0 ... 
2. Move right to & 

concrete ~ 2 
u 

temperature. -Q 

3. Move down to u 

wind velocity. ! 
4. Move left; read 0 

approx. rate of 
evaporation. 
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CHECKLIST FOR QUALIFICATION OF FACILITIES 
FOR PRESTRESSED CONCRETE PRODUCTION 

l. Items which require written approval: (check 
applicable blanks) 

2. What 

(a) Plans and computations of facilities 

(b) Concrete mix design (should include curves 
for 28-day strength) vs W/C Ratio: 

(c) Curing method -----
(d) Epoxy-sand mortar, if used --------

(e) Coal tar epoxy, if used -----
(f) Water reducer-retarder -----
(g) Design Engineer should be approved by State DOT ____ _ 

{h) Gauge calibration should be certified 

(i) Computat.ions regarding beam tests (2 weeks 
prior to testing) 

is length 

Bed No. 
Bed No. 
Bed No. 

and capacity of stressing bed(s) 

Length ------ Capacity -----
Length Capacity 
Length Capacity ------

3. Procedure of prestressing (pretensioning) and stress 
release: 

(a) Jacks, carria~es, and struts are adequate to 
attain and maintain design stress. 
Yes · No -------
Comments: 

.•. - ---------------------------
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4. 

(b) Stressing of straight strands: (check 
applicable blanks) 
Single strand method 
Multiple strand method ~~~~~ 

Comments: 

(c) Stressing of draped strands (check applicable 
blanks) 
Single strand method 
Multiple strand method 
Final draped position both e~ds 
Partial draped position one end 

Comments: 

(d) 

(e) 

( f} 

(g) 

Single strand jack available. 
Yes No~~~~~ 

Is an accurate dynamometer available for use 
in applying initial tension to the strands? 
Yes No 

What is proposed initial load to be applied 
lbs. · 

Is there a perm.anent, accurate·linear gauge 
with which to measure elongation? 
Yes No 

Forms: (Make comments in spaces provided) 

(a) Metal 

{b) True to shape and dimensions 

(c) Adequate in number 
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(d) Condition and composition of bulkheads 

(e) Type of hold-down device to be used 

(f) Is provision being made to maintain 
25 millimeter concrete cover over hold-down 
device? 

{g} .Are bulkheads and hold-down devices adequate 
to maintain dimensions of strand centers as shown 
on the plans? 

Are facilities adequate for proper storage and 
handling of bridge members? 
Yes -· No -----

. · {a) Approxim~te available storage 

area ~------------
{b) Condition of storage 
area 

Are facilities available for properly testing a 
member of the design type to be fabricated? 
Yes No (if No explain) 

Are adequate.li~hting facilities available in the 
event that placing of concrete at night is 
necessary? 
Yes No -----
Vibrating equipment: 

(a) Condition ~--------------------~~ 
·~ - {b) Number to be ·used in placing --------
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9. 

(c) Two spaces available 

Source of Materials: 

(a) Steel Wire and Strand (manufacturer) 

(b) Cement (type and brand name) 

(c) Coarse Aggregate (producer and location) 

(d) Sand {producer and location) 

(e) Retarder {brand name) 

(f) Form Oil (type and name) 

(g) Reinforcing Steel {producer) 

10. Type of concrete mixing facilities: mixed at 
plant 
Ready Mix concrete 

(a} Are concrete batching facilities adequate to 
ensure good quality and sufficient quantity to 
avoid delays under all working conditions? 
Yes No 

11. Testing equipment available: (check applicable 
blanks) 

(a) Plastic cylinder molds 
No. Available ~~~~~~~~~~~~~~~~~~-

(b) Slump Cone 

(c) Air content device ~----~~~~~~~~~~ 
__ (pressure volumetric 

(d) Facilities for testing cylinders available 
at (proposed location) 
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12. Requirements for steam cure method: 

(a) Three (3) recording thermometers available 

(b) Temperature record charts 

{c) Adequate temperature control valves 

(1) What are the increments of spacing of control 
valves? 

13. Are facilities available for proper protection and 
handling of component materials in storage? (Rate 
"S" if satisfactory, "U" if unsatisfactory, and 
"NA" if not applicable) 

(a) Wire and/or strand 
(b) Reinforcing steel 
(c) Structural steel 

.{d) Cement 
(e) coarse Aggregate 
( f) Sand . .. _, 

14. Is there a suitable shelter {at least 14 square 
meters floor space,· facilities for lights, heat, 
desk(s), etc.) available for the inspector's use? 

1s. Personnel present during inspection of plants: 

Producers/Contractors Highway Department 
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GUIDE FOR QUALITY CONTROL PLAN FOR 
PORTLAND CEMENT CONCRETE 

REQUIREMENTS 

1. General Requirements: 

The contractor should provide and maintain a quality 
control system that will provide reasonable 
assurance that all materials and products submitted 
to the State for acceptance will conform to the 
contract requirements whether manufactured or 
processed by the contractor or procured from 
suppliers or subcontractors or vendors. The 
contractor should perform or have performed the 
inspections and tests required to substantiate 
product conformance to contract.document 
requirements and should also perform or have 
performed all inspections and tests otherwise 
required by the contract. The quality control 
in_spections and tests should be documented and 
should be available for review by the engineer 
throughout the life of the contract. 

2. Quality Control Plan: 

The contractor should prepare a Quality Control Plan 
detailing the type and frequency of inspection, 
sampling and testing deemed necessary to measure, 
and control.the various properties of materials and 
construction governed by the Specifications. As a 
minimum, the sampJing and testing plan should detail 
sampling location and techniques, and test frequency 
to be utilized. The Quality Control Plan should be 
submitted in writing to the engineer at the 
preconstruction conference. 

The Plan should identify the personnel responsible 
for the contractor's quality control. This should 
inelude the company official who will act as liaison 

·-wrth State personnel, as well as the Certified 
Portland Cement Concrete Technician who will direct 
the inspection program. 

The class or classes of concrete involved will be 
listed separately. If existing mix designs are to 
be utilized, the Mix Design Numbers should be 
listed. 
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Quality control sampling, testing, and inspection 
should be an integral part of the contractor's 
quality control system. In addition to the above 
requirements, the contractor's quality control 
system should document the quality control 
requirements shown in Table l. The quality control 
activities shown in Table l are considered to be 
normal activities necessary to control the 
production and placing of a given product or 
material at an acceptable quality level. To 
facilitate the States' activities, all completed 
gradation samples should be retained by the 
contractor until further disposition is designated 
by the State. 

It is intended that sampling and testing be in 
accordance with standard methods arid procedures, and 
that measuring and testing equipment be properly 
calibrated. If-alternative sampling methods, 
procedures and inspection equipment are to be used, 
they should be detailed in the Quality· control Plan. 

3. Documentation~·. 

The contractor should maintain adequate records of 
all inspections and tests. The records should 
indicate the nature and number of observations made, 
the number and type of def icienci_es found, the 
quantities approved and rejected, and the nature of 
corrective action taken as appropriate. The 
contractor's documentation procedures will be 
subject to the review and approval of the State 
prior to the start of the work and to compliance 
checks during the progress of the work. 

4 • Charts and Forms : 

All conforming and non-conforming inspections and 
tests results should be kept complete and should be 
available at all times to the State during the 
i;ie,t:formance of the work. Batch tickets and 

·· ~adation data will be submitted to the State as the 
work progresses. All test data will be plotted on 
control charts. It is normally expected that 
testing and charting will be completed within 
48 hours after sampling. 
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All charts and records documenting the contractor's 
quality control inspections and tests should become 
property of the State upon completion of the work. 

S. Corrective Action: 

The contractor should take prompt action to correct 
conditions which have resulted, or could result, in 
the submission to the State of materials and 
products which do not conform to the requirements of 
the Contract documents. 

6. Non-Conforming Materials: 

The contractor should establish and maintain an 
effective and positive system for controlling 
non-conforming material, including procedures for 
its identification, isolation, and disposition. 
Reclaiming or reworking of non-conforming materials 
should be in accordance with procedures acceptable 
to the State. 

All non-conforming materials and products should be 
positively identified to prevent use, shipment, and 
intermingling with conforming materials and 
products. Holding areas, mutually agreeable to the 
State and the contractor, should be provided by the 
contractor. 

7. Acceptance: 

The State will monitor the performance of the 
contractor's quality control plan and will perform 
verification testing to ensure that proper sampling 
and testing procedures are used by the contractor. 
The State may shut down the contractors operations 
for failing to follow the approved process control 
plan. All acceptance testing will be performed by 
State personnel. 

3.10.53 

Arch
ive

d



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 
ATTACHMENT 7 

TABLE l 

CONTEACTOR'S QUALITY CONTROL REQUIREMENTS 

Minimum Quality Control Requirement Frequency 

A. PLANT AND TRUCKS 

B. 

l. Mixer Blades 

2. Scales 

a. Tared 
b. Calibrate 
c. Check Calibration 

3. Gauges and Meters .- -
Plant and Truck ' · 

'a. -Calibrate___ · ~ 
b. Check Calibration . 

4 • · - Admixture -Dispenser - · 
a. Calibrate 
b. Check Operation and 

Calibration 

AGGREGATES 

1. 

2. 

• '< ..,~ ··~ . Fine Aggregate - - ,_ ~, -
a. Gradation· 
b. Deleterious Substances 
c. Moisture 
Coarse Aggregates 
a. Gradation 
b. Percent Passing 

No. 200 Sieve 
c. Moist.ure 

C. PLASTIC CONCRETE 

1. Entrained Air Content 

2~onsistency 

3-·. -Temperature 

4. Yield 

3.10.54 

Prior to Start of .Job 
and weekly 
Prior to Start of Job 
and weekly 
Daily 
Prior to Start of Job 
Weekly 

Yearly 
Weekly 

Prior to Start of Job 
Daily 

21 Days 
Daily 
Daily 

21 Days 
Daily 

Daily 

One Per l/2 
Operation 
One Per l/2 
Operat.ion 
One Per l/2 
Operation 
One Per l/2 
Operation 

Day 

Day of 

Day of 
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From 

u 
i.LS.Deeo Ii,..,, 
o~ 

.......... ,woy 
Adrni ish Oliurl 

Sunrnary of State Highway Practices on 
Rigid Pavement 'Jo1nts and Their Performance 

Chief, Pavement Division 

Memoranaum 

Wash;ngton, D.C. 20590 

Datt 

Fleoiy 10 
Altt1 Of 

MAY I 9 1987 

HH0-13 

ro Regional Federal Highway Administrators 
Regions 1-10 

The American Association of State Highway and Transportation Officials (AASHTO) 
Subcommittee on Construction is presently preparing a new edition of the AASHTO 
•Guide Specifications for Highway Construction.• The AASHTO decided .to survey 
the States' current practices on rigid pavement joints to help rewrfte 
Section 514 titled •Joints •. • We agreed to assist them by preparing and then 
sunmarizing that survey (spacing, skew, dowel cages, epoxy coated bars, filler 
material, etc.). Attached for your information is a sunmary of the survey 
results. Please note.there ~re five State highway agencies that did not 
respond to the survey. 

The survey is intended to cover the States' current practices and recent 
performan.ces with rigid pa~ement joints. It 1ft1Y not necessarily reflect 
each States's current standard specifications. However, we believe the 
sunmary contains worthwhile 1nfonnation that can be used as a reference 
tool for higl'iway engineers. · 

We will appreciate your forwarding copies to the division offices. Copies of 
the survey have already been sent to the State highway agencies by the AASHTO 
Subcomnittee on Construction. Any Questions or conments may be directed to 
Mr. Don Voelker of my staff at FTS 366-1333. 

Norman J. Van Ness 
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Quot1tions 

(1). 1nserts are no longer allowed as of 10/86. 
(2). For CR pavements, there are four expansion joints 130 ft.; sealant is 

AASHTO M-33. 
(3). Depends on a Bridge Movement Rating. 
(4}. Every second transverse joint is sawed within 4-12 hours. 
(5). Sheet steel is used to form the keyway. 
(6). Plastic coatings (17 mils) and powdered epoxy resins (7 mi1s) are also 

allowed. 
(7). Only plain pavement joints are skewed at 2/12. 
(8). Ravelling during sawing is not allowed but sawing must be done to 

preclude random cracking. 
(9). Preformed bituminous, cork, or rubber plus compression seal. 
(10). Only plain pavement is skewed at 2/12. 
(11). Plastic coatings (11 mils) and red lead paint (no thickness specified) 

are also allowed. 
(12). ~ield strength of 40 ksi and ultimate strength of 70 ksi. 
(13). Type A is low bond strength Doubl Coat by Republic Steel. 

Type B is high bond strength, ie. Scotchkotz 202, Flintflex Sll-6080, 
etc. but must have bond breaker HC-70, MS-21 or RC-250. 

(14). At PC and PT of curves 2 deg. 30 •in. and greater and at every eighth 
joint constructed between 9/15 and 4/15. 

(15). Faulting occurs on plasttc soils where dowels are not present. 
(16). One coat of paint conforming to Federal Spec. TT-P-866 Type II or TT-P-

645 or JT-P-310 or steel str. painting council spec. SSPC Paint II. 
(17). Inside 4 ft.-13.3 ft.; centerline 3.3 ft.; outside 10 ft.-5.3 ft •• 
(18). Initial sawing 1s contractors option. Sawing for Joint reservoir 1s 

a minimum of 72 hours. 
(19). Sawing for preliminary crack control is done on approx. 50 ft. intervals 

with a 1/8-in. blade and a depth of D/4. Final sawing is done within 
24-36 hours after concrete pour. 

(20). New York's minimal problems related to slab cracking and joint spilling 
result from sawing too late. Faulting problems are present only in 
older pavements where 1 two-piece malleable iron load transfer device 
was used.. . 

(21}. Control joints (92-ft~intervals) are sawed 1s soon as possible with only 
minor ravelling allowed;· remaining joints are sawed between 24-48 
hours. · 

(22). Reinforced dowelled pavement is not sawed on skew. All others are at 
2/12. 

(23). Requ;red but type not specified. 
(24). Any grade of steel conforming ASTM A615 is permitted. 
(25). (Concrete to Concrete) Low modulus silicone (cold) is preferred. 

(Concrete to Asphalt) Hot rubberized asphalt ASTM D-3406 ind ASTM ~3405. 
(26). Rubberized asphalt over filler and/or polychloroprene canspress;on seals. 
(27). £;ther epoxy (7 mil thickness) or plastic (ZS mil thickness} ~oatings are 

allowed. 
(28). Jnitial sawing is 2 inches for plain pavement and 1 3/8 inches for plain 

dowelled pavement. 
(29). P.lain pavement initial s1w depth 1s d/4. Plain Dowelled initial saw depth 

is d/3. 
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quotations (con•t) 

(30)~ Alignme~t tolerances are plus or •1nus one-half inch of spec1f1ed depth. 
(31). Longitudinal sawed joints shall be cut before 1n1 equipment or vehicles 

are allowed ori the pavement. 

Other areas to be considered. 

(,). 

(2). 

California believes positive drainage mitigates transverse joint. 
faulting. · · · . · 

Georgia ·and Indiana believe 1 •1nor 1110unt of ravelling during sawing 1s 
acceptable. If no ravelling is occurring, sawing has been delayed too 
long. 

(3). Indiana reports formed groove-type contraction joints shall be used if 
early sawing causes erratic cracking. ~ 

(4). towa has •-specification_ on ~1 ... loading fraa the weight of saws. See 
attached. · · · , ·~: -, ·- · - -

(5). Kansas l1111ts the use of inserts to the period Mil-Sept. to prevent 
longitudinal cracks. · · 

(6). Louisian• believes transverse joint problems are _attributable to moist~. 
and 1ncompress1bles not the method of construction. 

(7). Mississ1ppt ts experiencing transverse cracking on continuous reinforced 
pavements. · · 

(S). New Jersey believes TRB Synthesis of Highway Practice 19 contains useful 
information. · 

(9). -Ohio's keyed longitudinal joi~ts have a· proven poor performance. 
(10). Delaware retOftlllends that edges of construction joints shall be tooled to 

a 1/8 inch radius; sawed joints are chllllfered similarly. Also, joints 
shall be thoroughly cleaned by brushing, air blasting, sand blasting, 

(11). 

( 12). 

or other means to compleiely remove all foreign materials. 
Puerto Rico reports pumping· problems due to no joint sealing caused by 

lack of proper maintenance. 
Colorado requires longitudinal sawed joints to be cut before any 

equipment or vehicles are allowed on the pavement. Also, every second 
transverse joint shall be sawed within 4 to 12 hours after pavement 
placement. The intermediate joints shall be sawed within 48 hours 
after pavement placement. 

3.l.l..10 
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Bondbreaker~ far Portland Cement 
Concrete Pavement ·with- Lean Concrete Bases 

From Chief, Pavement Division 

To Regional Federal Highway Administrators 

naum 

Washington, o.c. ·20590 

Ollt. JlN ' 3 938 

Reoty to 
Attn o1 HH0-12 

During the past 2 years, we have reviewed several projects with Portland Cement 
Concrete (PCC) pavements constructed over lean concrete bases, which have 
exper~enced premature cracking. We have suspected that the principal cause of 
the distress was the partial bonding of the PCC slab to the lean concrete 
bases, during the period of joint and crack formation in jointed and continuous 
PCC pavements. Generally, this bond was believed to be weak, and would be lost 
within 6 to 12 months, because of stresses caused by loading and/or temperature 
variations. This weak bond would also be broken during coring or following the 
development of pavement distress. However, recently on two projects, cores · 
were retrieved with the slab bonded to the lean concrete base. These projects 
which .lend support to our theory are des·cribed below: 

.' ~!."' ....... ' - . ,. 

1. A Continuously Reinforced Concrete Pavement (CRCP) began experiencing 
premature punchouts. The pavement section consisted of 9 inches of 
CRCP over 6 inches of lean concrete base·on a cement treated subgrade. 
During coring operations 5-~lus years after construction, approximately 
30 percent of the cores indicated the slab was bonded to the base. 
Failure of this pavement is believed to have resulted because the 
amount and location of steel was designed based on the unbonded 
condition. When bonding occurred, the slab was significantly under 
reinforced, and the reinforcement was located well above the neutral 
axis of the composite section. As a result, the steel was overstressed 
causing. excessive _crick widths, steel ruptures, and ultimately · 
punchouts. 

2. An 8-inch Jointed Plain Concrete Pavement (JPCP) over an 8-inch lean 
concrete base experienced random cracking within 6 months after 
construction. Coring revealed ~hat the cracks were forming from the top 
of the slab dowriward, and were not reflective cracks. Also, cores of · 
numerous sawed joints revealed that cracking had not occurred at the 
joints. Project records and discussions with project personnel 
indicated that sawing was done in a timely manner. There was no 
correlation between cracking, and temperature extremes at the time of 
construction. A n"1lber of the cores taken during the investigation of 
the cracking were retrieved with the slab bonded to the lean concrete 
base. We now believe that partial bonding during the joint formation 
period resulted in the saw cuts being an inadequate depth to force 
cracking at the joints. The depth of the saw cuts was based on the 
thickness of the slab in the unbonded condition. 
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We recognize that some States have been working in strengthening their asphalt 
concrete mix design and field control practices. These efforts are appropriate 
and continued involvement of all the field offices in encouraging conformance 
with the attached TA will be expected. 

Other factors such as truck weights, high tire pressures, etc., also contribute 
to the rutting and stripping problems and we are working on these issues. We 
are convinced though that significant gains in solving rutting and stripping 
problems can be achieved by using quality materials and strengthening 
specifications and construction practices. We expect those States where 
rutting and stripping is a problem to include a priority effort to improve the 
design and construction of asphalt concrete pavements. The Pavement Division 
and the Construction and Maintenance Division are available upon request to 
provide technical support and guidance, which may .be necessary in achieving 
these actions. 

(~~ 
Executive Director 

Attachment 
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The use of polyethylene sheeting is !!.21 reconmended for use as a bondbreaker, 
because of construction problems which have occurred on projects where it was 
specified. 

We are also currently evaluating the magnitude of slab curling on pavements, 
constructed over lean concrete bases. Actual field measurements of curling and 
deflection are being made on pavements in four States in Region 4. We believe 
the stiffness of the lean concrete base tends to cause higher curling 
stresses. ln longer slabs, th~ combined curling and load stresses can exceed 
the slab strength resulting in transverse slab cracking. We suggest that to be 
on the safe side, when JPCP pavements are constructed over lean concrete bases, 
the joint spacing be limited to·a maximum of 15 feet. 

We intend to closely monitor the performance of PCC pavements over lean 
concrete bases, and would appreciate receiving feedback on the performance of 
this type of pavement in your region. Please contact Mr. John Hallin at 
FTS 366-1323, if you. have any questions or conments on the use or performance 
of lean concrete bases. 
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CHAPTER 4 

FLEXIBLE PAVEMENT 

4.1 TA 5040.27, Asphalt Concrete Mix Design and Field Control, 
February 16, 1988. 

4.2 Prevention of Premature Distress in Asphalt Concrete Pavements, 
Technical Paper 88-02, April 18, 1988. 

4.3 Guidelines on the Use of Bag-House Fines, April 7, 1988. 

4.4 Reserved. 

4.5 State of the Practice on the Design and Construction of Asphalt Paving 
Materials with Crumb Rubber Modifier, Report Number FHW A-SA-92-
022, June 9, 1992. 

4.6 Reserved. 

4.7 Processed Used-Oil and Heavy Fuel Oils for Use in Hot Mix Asphalt 
Production, June 21, 1990. 

4.8 Aggregate Gradation for ffighways • 0.45 Particle Size Distribution Curve, 
1962. 
• Aggregate Gradation: Simplification, Standardization, and Uniform 

Application 
• A New Graphical Chart for Evaluating Aggregate Gradation 
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US Department 
of Transportation 

Federal Higttway 
Administration 

Sub1ec1 ACT I ON: 
Asphalt Mix Design and Field Control 

From Executive Di rector 

To Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Memorandum 

WashinQton, D.C. 20590 

oa~ February 16, 1988 

Reply to 
Attn of. 

HH0-12 
HH0-30 

There are presently about 1,420,000 miles of intermediate or high type flexible 
pavements on State highways and local roads. This represents about 70 percent 
of the paved mileage on all public roads and streets. In 1986, about 
$2 billion of asphalt concrete was placed on Federal-aid projects and this 
amount will likely increase in the future. Information that has been gathered 
over a number of years by the States, FHWA, and the asphalt industry has 
revealed that a number of asphalt concrete pavements are experiencing premature 
distress and significantly reduced pavement performance periods. Types of 
distress identified have included bleeding, cracking, shoving, rutting, 
stripping, and raveling. 

Two distress types, rutting and stripping, have had a high frequency of 
occurrence over wide areas of the United States. The reduction in pavement 
performance due to rutting or stripping is potentially severe from a national 
perspective. Due to the continuing major investment which is being made in 
asphalt concrete pavements and as a result of reports indicating premature 
rutting and stripping problems, we appointed an Ad Hoc Task Force to examine 
the problems of asphalt concrete pavement rutting and stripping, and to develop 
FHWA policy recommendations. The Task Force has completed its assignment and a 
copy of its report was provided to each region and division office. 
In accordance with one of the Task Force's major recommendations, our 
Technical Advisory (TA) on this subject has been updated to reflect current 
knowledge. Attached for your immediate use is a copy of the TA 11 Asphalt 
Concrete Mix Design and Field Control. 11 This TA sets forth guidance and 
recommendations relating to asphalt concrete paving. It covers the areas of 
materials selection, mixture design, mixture production, and mixture placement. 
The TA is intended primarily for application on high type facilities. 

Each division office is to initiate an effort to compare the updated TA to 
present State specifications and construction practices. Differences and/or 
deviations are to be discussed with the State and, if appropriate, industry 
represent.p.tives. Some States have found it beneficial to have a formal 
committee composed of State, FHWA, and industry personnel to scrutinize the 
State's mix design, and field control procedures, and iron out differences with 
the TA. The TA is a consensus of current best practice, and serious 
consideration should be given to adopting its recommendations. S0und 
engineering judgment must be used in determining what is best for each 
particular State but deviations from the TA recommendations should be 
supportable. 
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We recognize that some States have been working in strengthening their asphalt 
concrete mix design and field control practices. These efforts are appropriate 
and continued involvement of all the field offices in encouraging conformance 
with the attached TA will be expected. 

Other factors such as truck weights, high tire pressures, etc., also contribute 
to the rutting and stripping problems and we are working on these issues. We 
are convinced though that significant gains in solving rutting and stripping 
problems can be achieved by using quality materials and strengthening 
specifications and construction practices. We expect those States where 
rutting and stripping is a problem to include a priority effort to improve the 
design and construction of asphalt concrete pavements. The Pavement Division 
and the Construction and Maintenance Division are available upon request to 
provide technical support and guidance, which may .be necessary in achieving 
these actions. 

(~~ 
Executive Director 

Attachment 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

SUBJECT 

ASPHALT CDNCRETE MIX DESIGN AND FIELD CONI'ROL 

Par. 1. Purp::>se 
2. Cancellation 
3. Bc:l.ckground 
4. Materials 
5. Mix Design 
6. Plant Operations 
7. LaydCMn and Canpaction 
8. Miscellaneous 

FHWA TECHNICAL ADVISORY 
T 5040.27 

~rn r ch 1 0 , 1 9 8 8 

1. PURPOSE. 'lb set forth guidance and recamendations relating to asphalt 
concrete pa.ving, covering the areas of materials selection, mixture design, 
and mixture proouction and place.rrent. '!he procedures and practices 
outlined in the Technical Advisory (TA) are directed pr:i.rrarily towards 
developing quality asphalt concrete pa.verrents for high-type facilities. 
'!he TA can also be used as a general guide for low-volurre facilities. 

2. Cancellation. Federal Highway Administration (FHWA} Technical Advisory 
T 5040.24, Bituminous Mix Design and Field Control, dated 
August 22, 1985, is cancelled. 

3. BACKGROUND 

a. Gver one-half of the Interstate System and 70 percent of all highways 
are pa.ved with hot-mix asphalt concrete. Asphalt concrete is proba.bl y 
the largest single highway program invest:nent tcx:lay and there is no 
evidence that this will change in the near future. However, there is 
evidence that the number of premature distresses in the nation's 
recently constructed asphalt pa.verrents is increasing. Heavier truck 
axle weights, increased tire pressures, and inadequate drainage are 
s~ of the factors leading to the increase in premature distress. 'l'he 
FHWA has been concerned with the deterioration in quality of asphalt 
concrete pa.veirents for many years and in 1987 a special FHWA .Ad Hoc 
Task Force studied ~ of the rrost catt'0n distresses existing tcx:lay and 
subsequently issued a report titled "Asphalt Paverrent Rutting and 
Stripping." 'l'he report contained both short-term and long-term 
reccrmendations for improving the quality of asphalt pavements. 

b. With the variables of environrrent, canponent rre.terials, and traffic 
loadings foun.d throughout the United States, it is not surprising that 
there are ~any State-to-State or regional variations of design and 
co~struction requirerrents. N:> one set of specifications can achieve 
the sarre results in all States because of the factors rrentioned al:xJve. 
HONever, there are many things that States can do to improve their 
current mix design and field control procedures to ensure that quality 
as:-ih:.lt pavements will be constructed. This TA incorporates many of 
the FHWA Task Force recamendations and presents the current 

DISTRIBUTION: Level 2: Heatj.quarters(DF,ED,HO,NC·,NR,RD) OPl:HH0-12 
Reg1ons(EO) 
Divisions(EC,D) HH0-33 
All Direct Federal Divisions 

Level 3: SHA's(Through Divisions) 
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FHWA TECHNICAL ADVISORY T 5040.27 
March 10, 1988 

state-of-the-art in materials, mix design, plant operation, layda,.m and 
canpaction, and other areas relating to quality hot-mix asphalt 
pavements. 

4. MATERIAI.S 

a. Aggregate is the granular material used in asphalt concrete mixtures 
which make up 90-95 percent of the mixture v.-eight and provides m::>St of 
the load bearing characteristics of the mix. Therefore, the quality 
and physical properties of the aggregates are critical to the pavement 
perfonnance. The following is recamerrled: 

{ 1) Aggregates should be non-plastic. The presence of clay fines 
in an asphalt mix can result in problems with volume swell and 
adhesion of asphalt to the rock contributing to stripping 
problems. The minus #4 sieve material should have a minimum sand 
equivalent value of 45 using the test rrethod described in the 
.Anerican Association of State Highway and Transportation 
Officials (AAS!m)) specification (AAS!m) Tl76}. 

(2} A limit should be placed on the annmts of deleterious 
rraterials permitted in the aggregates. Specifications should 
limit clay lumps and friable particles to a maxL1ll.lln of 
one percent. 

(3) Durability or \\leathering resistance should be determined try 
sulfate soundness testing. Specifications should require a 
sodium or rragnesium sulfate test using the limits described 
in the AASifIO specification M29. 

( 4) Aggregate resistance to abrasion should be dete:anined. 
Specifications should require a Ios Angeles abrasion loss of 
45 percent or less (AASHro T96). 

( 5) Friction between aggregate particles is dependent on aggregate 
surface roughness and area of contact. As surface friction 
increases, so does resistance of the mix to deformation. 
Specifications should require at least 60 percent of the plus 
#4 sieve material to have at least two machanically induced 
fractured faces. 

(6) The quality of natural sand varies considerably from one location 
to another. Since rrost natural sands are rounded and often 
contain a high percentage of undesirable materials, the aTOOunt 
of natural sand as a general rule should be li..TTI.ited to 15 to 
20 percent for high volurre !Xlverrents and 20 to 25 percent for 
m:dium and lCM volurre paverrents. These percentages may i.ncreasr 
or decrease depending on quality of the natural sand arid the 
types of traffic to which the paverrent will be subjected. 

4.1.4 
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(7) For adequate control, aggregate gradations should be s:pecified 
from the rnaxi..TTU.Im particle size to the #200 sieve so each 
successive sieve opening is ahcut 1/2 the previous sieve 
opening (for example, 1 inch, 1/2 inch, ~4, #8, #16, #30, #50, 
#100, #200). The only accurate rrethod to detennine the arrount of 
minus #200 sieve rraterial is to perform a wash gradation in 
accordance with AASHTO T27 and AASHTO Tll. 

(8) The ratio of dust (minus #200 sieve rra.terial) to asphalt cement, 
by mass, is critical. Asphalt concrete mixes should re'.!Uire a 
rraximurn dust asphalt ratio of 1.2 and a miniJ!turn of 0.6. 

( 9) A tool which is very useful in evaluating aggregate gradations 
is the 0.45 ~ gradation chart. All mixes should be plotted 
on these charts as part of the mix design process (Attachment 1). 

(10) An aggreg-ate's specific gravity and absorption characteristics 
are ext.rarely irnp:>rtant in prop:irtioning and controlling the 
mixture. It is recattrerrled that AASmo T209 be used to detennine 
the rraxi.mum specific gravity of asphalt concrete mixes. States 
not using AASH'ro T209 should be aware of the difficulty of 
determining the theoretical rraximum density using individual 
ingredient specific gravities and their percentages 
in the mixture. 'These difficulties will result in inaccuracies 
in detennining the specific gravity of the mixture. These 
inaccuracies will carry through to the calculation of the 
densities in the canpa.cted rra.t and may result in inproperly 
canpacted pavarents. It is also necessary to detennine the 
b.llk dry specific gravity of the aggregate in order to 
detennine the voids in the mineral aggregate (VMA). 

'Ihe target value for VMA should be obtained through the proper 
distribution of aggregate gradation to provide adequate asphalt 
film thickness on each particle and accamodate the design air 
void system. In addition, tolerance used in construction 
quality control should be such that the mix designed is actually 
prod:uced in the field. 

b. As:i::;ha.lt grade and characteristics are critical to the performance of 
the asphalt pave.m:mt. The following is recamerrled: 

(1) Grade(s) of asphalt cement used in hot-mix p:iVing should be! 
selected based on climatic conditions and past performance. 
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(2) It is reccmnend.ed that asphalt cerrent be accepted on 
certification by the supplier (along with the testing results) 
and State project verification samples. Acceptance procedures 
should prrnTide inf onnation on the physical properties of the 
asphalt in a tirrely manner. 

( 3) The physical propertie& of asphalt ce:rent that are rrost important 
to hot-mix paving are shown belCM. Fa.ch State should obtain this 
infonnation (by central laboratory or supplier tests) and should 
have specification requirarent(s) for each property except 
specific gravity. 

(a) Penetration 770 F 

( b) Viscosity 1400 F 

(c} Viscosity 2750 F 

(d) Ductility/I'emperature 

(e) Specific Gravity 

(f) Solubility 

(g) 'Ihin Film oven (TFO)/Rolling TFO; loss on Heating 

(h) Residue Ductility 

( i) Residue Viscosity 

( j) IJ:M terrperature cracking is related to the physical 
properties of the asphalt and may be increased by the 
presence of wax in the asphalt. The lCM temperature 
ductility test at 39.2° F (40 C) can indicate where this 
may be a problem. The test is perfonred at a pull speed 
of l cm/min. Typical specification re.quirenents are: 

AASH'.I'O M226 

Ac·2.s 
AC 5 
AC 10 
N:. 20 

Table 2 

50 + an 
25 + cm 
15 + OiJ. 

5 + an 
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(4) The temperature viscosity curves or absolute and kinema.tic 
viscosity information should be available at the mixing plant for 
each shiµrent of asphalt cement. This can identify a change in 
asphalt viscosity which necessitates a new mix design. Each 
State should provide temperature/viscosity information on the 
asphalt used in the laboratory mix design to the projects. 
Differences in the viscosity (as well as the penetration) of the 
asphalt fran the asphalt used in the mix design nay indicate the 
necessity to redesign the mix (Attachrrent 2). 

5. MIX DE.SIGN 

a. Asphalt concrete mixes should be designed to m:!et the necessary 
criteria based an type of roadway, traffic volurres, intended use, i.e., 
overlay on rigid or flexible pa.verrents, and the season of the year 
the construction would be perfonred. Each State•s mix design criteria 
should be as follCMS. 

Heavy Traffic Medium Traffic Light Traffic 
Design Design Design 

?ropertv (>1,000,000 FSAL*) (10,000-1,000,000 ESAL) (<10,000 ESAL) 

Marshall 

canpaction BlCMS 75 50 35 
Stability (min.) l,soo 750 500 
Fl ON 8-16 8-18 8-20 

Hveem 

Stability (min.) 37 35 30 
~11 0.030 in. 0.030 in. 0.030 in. 

Void Analysis 

Air Voids 3-5 3-5 3-5 

* Equivalent Single Axle I..oa.d 
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MINIMUM PERCENT VOIDS IN MINERAL J.l..GGREX:;ATE (VMA) 

Nani.nal Maximum Particle Size 
U.S.A. Standard Sieve 

Designation 

No. 16 
No. 8 
No. 4 
3/8 in. 
1/2 in. 
3/4 in. 
1 in. 
1-1/2 in. 
2 in. 
2-1/2 in. 

Min.in:u:Jm Voids 
in Mineral Aggregate 

Percent 

23.5 
21 
18 
16 
15 
14 
13 
12 
11.5 
11 

b. Standard mix design procedures (Marshall, Hveern) have been developed 
and adopted by AASH'IO, hc::JrNever, sare States have m:xiified these 
procedures for their own use. 'Any m::xlification fran the standard 
procedure should be supported by correlation testing for reasonable 
confo.rm:i.ty to the design values obtained using the standard mix 
design procedures. 

c. Stripping in the asphalt :pavements is not a new- phenarenon, al though 
the attention to it has intensified in recent years. M:>isture 
susceptibility testing should be a part of every State's mix design 
procedure. 'Ihe "Effect of water on Canpacted Bituminous Mixtures" 
(i.rrm:!rsion canpression test) (AASH'IO Tl65) and "Resistance of Q:l'npacted 
Bituminous Mixture to M:>isture Induced Damage" (MSH'ro T283) are 
currently the only stri.PPing test procedures which have been adopted by 
AASH'JD. The AASH'ro T283, camonly known as the IDt:tJnan 'J.'P_st, requires 
that the test specinens be canpacted so as to have an air void content 
of 7 :!:. 1 percent, while AASH'ID Tl65 does not. '!his air void content is 
what one would expect in the mat after construction canpa.ction. There 
is considerable research underway on developing better tests for 
detennining rroisture dama.ge susceptibility of the aggregate asphalt 
mixtures. One of the :rrost pran:i.sing test procedures is that developed 
by Tunnicliff and Root as reported in the National cooperative Highway 
Research Program ( N:HRP) Rep:Jrt 27 4. This test is s.irnilar to AASHTO 
T283, but it takes less t:L"ne to perform. In the ma.jority of cases 
hydrated line and tx:irtland cement have proven to be the rrost effective 
anti-stripping additives. 

4.1.8 

Arch
ive

d



FHWA TECHNICAL ADVISORY T 5040.27 
March 10, 1988 

d. The determination of air voids in the lal:::oratory mix is a critical 
step in designing and controlling asphalt hot-mix. In order to 
determine air voids, the.theoretical maximum density or the naxirnum 
specific gravity of the mix must be determined. This can be 
acccxrplished by using the "Maximum Specific Gravity of Bituminous 
Paving Mixtures" (Rice Vacuum Saturation) (AASHID T209). 

e. Proper mix design procedures require that each mix be designed using 
all of the actual ingredient materials including all additives which 
will be used on the project. 

f. 'lhe canplete info:rna.tion on the mix design should be sent to the 
plant. The f ollONing infonnation should be included in the mix 
design report and sent to the plant. 

( 1) Ingredient materials sources 

( 2) Ingredient materials properties including: 

(a) Specific gravities 

(b) L. A. Abrasion 

( c) Sand equivalent 

{d) Plastic Index 

( e) Absorpticn 

( f) Asphalt terrperature/viscosity curves or values 

(3) 'Mix tenperature and· tolerances 

( 4} Mix design test property curves 

( 5) Target asphalt content and tolerances 

( 6) Target gradations for each sieve and tolerances 

(7) Plot of gradation an the 0.45 pc:JIJer gradation chart, and 

( 8) Target density 
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g. Fonnal procedures should be established to require that changes to 
mix designs be approved by the sarre personnel or off ice that 
developed the original mix design. 

h. After start-up, the resulting mixture should be tested to verify that 
it rreets all of the design criteria. 

6. PLAN!' OPERATIONS 

a. In order to assure proper operation, an asphalt plant rrust be 
calibrated and inspected. Plant approval should be required and 
should cover each item an the asphalt plant checklist (Attachrrent 3)o 

b. 'l'b avoid or mitigate unburned fuel oil contamination of the asphalt 
mixture, the use of propane, ootane, natural gas, coal or No. l or 
No. 2 fuel oils is recamended. 

c. If the asphalt cem:mt is overheated or otherwise aged excessively, the 
viscosity of the recovered asphalt will exceed that of the original 
asphalt by rrore than four tirres. However, if the viscosity of the 
recovered asphalt is less or.even equal to the original viscosity, it 
has probably been contaminated with unburned fuel oil. 

d. For drum mixer and screenless batch plants there should be three 
separate graded stockpiles for surface courses and four for binder and 
base courses. F.ach stockpile should contain between 15 to 50 perCP..nt 
by weight of the aggregate size in the mix design. '!he plus #4 sieve 
aggregate stockpile should be oonst.ructed in lifts not exceeding 3 feet 
to a maximum height of 12 feet. '!here should be enough material in the 
stockpiles for at least 5 days of production. '!be plant should be 
equipped with a min:i.ml.ml of four cold feed bins with positive 
separation. 

e. Control testing of gradation and asphalt content should be conducted 
to assure a quality and consistent mixture. In many States, the 
contractor or supplier is required to do this testing. 

f. Acceptance testing should be conducted for gradation and asphalt 
content of the final mixture. 

g. The plotting of control and acceptance test results for gradation, 
asphalt oontent, and density on oontrol charts at the plant provides 
for easy and effective analysis of test results and plant control. 
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h. The moisture content of the aggregate must be determined for proper 
control of drum mixer plants. The asphalt content is determined by the 
total weight of the material that passes over the weigh bridge with the 
correction made for moisture. Sufficient aggregate moisture contents 
need to be performed throughout the day to avoid deviations in the 
desired asphalt content. 

i. Moisture contents of asphalt mixtures is also important. The 
extraction and nuclear asphalt content gauge procedures will count 
moisture as asphalt. For this reason, a moisture correction should be 
made. In addition, high moisture contents in asphalt mixtures can lead 
to compaction difficulty due to the cooling of the mix caused by 
evaporation of the moisture. This is particularly important with drum 
mixer mixes which require moisture for the mixing process. Some States 
specify a maximum moisture content behind the paver. A recommended 
maximum moisture content behind the paver is 0.5 percent. 

7. LAYDOWN AND COMPACTION 

a. Prior to paving start-up, equipment should be checked to assure its 
suitability and proper function. Project equipment approval should 
include the items shown on the project inspection checklist 
(Attachment 4). 

b. Paving start-up should begin with a test strip section. This will 
allow for minor problems to be solved, establishment of roller 
patterns and number of passes, and will assure that proper placement 
and compaction can be attained. 

c. In order to assure proper placement and compaction, it is essential 
that the mat be placed hot. Establishment of and compliance with the 
following items should be included; minimum mix, underlyinn. navement, 
and. ambient temperatures. Cold weather and early or late season 
paving should be avoided. The practice of raising the temperature of 
the mixture to combat the cold condi"ions should not be permitted, as 
this will contribute to excessive aging of the asphalt cen~nt. 

d. The use of a pneumatic roller in the compaction process is strongly 
encouraged. When used in the intermediate rolling it will knead and 
seal the mat surface and aid in preventing the intrusion of surface 
water into the pavement layers. It will also contribute to the 
compaction of the mat. 
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e. Density requirem:mts should be established to result in an air void 
system in the mat of 6-8 pero::>...nt imrediately after construction. 
'Ibis allows for the inherent additional densification under traffic 
to an ultimate air void content of about 3-5 percent. Density 
acceptance specifications should require a percentage of maximum 
density as detennined by AASHl'O T209. A percentage of test strip 
density or Marshall laboratory density can be used provided each is 
related to the maximum density. The specified density should be 
attained before the mat terrperature drops below 175° F. 

f. Density rreasurernent should be accurate, taken frequently, and the 
results made available quickly for each day of production. Density 
should be determined by test cores, or by properly calibrated nuclear 
test gauges. Specifications should require several tests to be 
averaged to detennine density results for acceptance. 

g. Successive hot-mix courses should not be placed while previous layers 
are wet. To avoid, or minimize the penetration of water into base and 
binder courses, paving operations should be scheduled. so that the 
surface layer(s) is placed within a reasonable period after these 
courses are constructed. To the greatest extent possible, construction 
should be planned to avoid the necessity of leaving layers uncovered 
during wet seasons of the year. 

8. MISCELLANEXXJS 

a. Sare States have established procedures to accept out-of­
specification material and pa.vernent with a reduction in price. 
These procedures include definition of lot size/production ti.m=, 
tolerances, and pa.y factor reductions for ingredient materials, 
canbined mixture properties, pave.nent density, pavement srroothness, 
and lift thickness. 

b. Prior to the start of production and placenent operations, a 
preplacerent conference, including all the pa.ving participants, 
should be held. 'Ihis conference would define duties and 
responsibilities for each phase of the operation as well as problem 
solving procedures. 

c. During start-up it is very effective to have a construction and/or 
materials specialist at the project site to assist in identifying 
and solving any problem that develops. 
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d. Because asphalt hot-mix pavenent construction is canplex, it 
requires that each person involved understand his/her function 
thoroughly. It is also helpful if each person has a basic 
understanding of each of the rrany phases involved. It is 
reccnmended that States develop or use existing training to 
address these {ilases of asphalt pa.ving. 

Associate Mrninis for 
Engineering and Program Developn:mt 

4 Attad'm:mts 

4.1.13 

Arch
ive

d



Arch
ive

d



FHWA TECHNICAL ADVISORY T 5040.27 
March 10, 1988 
ATTACHMENT 1 

AGGREGATE GRADATION 

It has long been established that gradation of the aggregate is one of the 
factors that must be carefully considered in the design Le asphalt paving 
mixtures, especially for heavy duty highways. The purpose in establishing and 
controlling aggregate gradation is to provide sufficient voids in the asphalt 
aggregate mixture to accommodate the proper asphalt film thickness on each 
particle and provide the design air void system to allow for thermal expansion 
of the asphalt within the mix. Minimum voids in the mineral aggregate (VMA) 
requirements have been established and vary with the top aggregate size. 

Traditionally, gradation requirements are so broad that they permit the use of 
paving mixtures ranging from coarse to fine and to either low or high 
stabilitv. To further complicate matters, different combinations of sieve 
sizes are specified to control specific grading ranges. Standardization of 
sieve sizes and aggregate gradations, which has often been suggested, is not 
likely to occur because of the practice of using locally available materials to 
the extent possible. 

In the early 1960 1 s, the Bureau of Public Roads introduced a gradation chart 
(Figure #1) which is especially useful in evaluating aggregate gradations. The 
chart uses a horizontal scale which represents sieve size openings in microns 
raised to the 0.45 power and a vertical scale in percent passing. The 
advantage in using this chart is that, for all practical purposes, all straight 
lines plotted from the lower left corner of the chart, upward and toward the 
right to any specific nominal maximum particle size, represent maximum density 
gradations. The nominal maximum particle sieve size is the largest sieve size 
listed in the applicable specification upon which any material is permitted to 
be retained. An example is shown in Figure #2. 

The gradations depicted in Figure #3 and #4 are exaggerated to illustrate the 
points being made. By using the chart, aggregate gradations can be related to 
maximum density gradation and used to predict if the mixture will be fine or 
coarse textured as shown in Figure #3. 

Soon after the chart was developed, it was used to study gradations of 
aggregate from several mixtures that had been re ?rted as having unsatisfactory 
compaction characteristics. These mixtures coul ! not be compacted in the 
normal manner because they were slow in developing sufficient stability to 
withstand the weight of the rolling equipment. Such mixtures can be called 
"tender mixes." This study identified a consistent gradation pattern in these 
mixes as is illustrated in Figure #4. 

Most notable is the hump in the curve near the #40 sieve and the flat slope 
between the #40 sieve and the #8 sieve. This indicates a deficiency of 
material in the #40 to 8# sieve range and an excess of material passing the #40 
sieve. Mixtures with an aggregate exhibiting this gradation characteristic are 
susceptible to being tender, particularly if the fines are composed of natural 
sand. 

As part of the bituminous mix design process, t~e aggregate gradation should be 
plotted on the 0.45 power gradation chart. 
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0.45 Power Gradation Chart 
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ATTACHMENT 2 

ASPHALT VISCOSITY 

Each particular asphalt has a unique temperature-viscosity relationship. This 
relationship is sometimes described as temperature susceptibility. This 
temperature-viscosity relationship can be plotted on a modified semi-log chart 
as shown on the attached chart. These charts are very useful in determining 
the optimum mixing and compacting temperature of a particular asphalt. Past 
research has identified the optimum mixing temperature as that corresponding to 
a viscosity of 170 + 20 centistokes, and the optimum compaction temperature as 
that corresponding to a viscosity of 280 + 30 centistokes for laboratory mix 
design. The optimum mixing temperature should be identified for the asphalt 
used in the mix design and included in the mix design report which is sent to 
the production plant. 

Prior to the oil embargo, there was a relatively fixed distribution system for 
crude oil. This allowed for a relatively uniform asphalt cement from each 
refinery. Highway agencies became familiar with the handling and performance 
characteristics of those asphalt cements. As a result of the embargo, a new 
variable distribution system is in place which allows shifting and blending of 
crude oils resulting in production of asphalt cements with very different 
temperature viscosity characteristics. 

The attached chart will allow plotting the temperature-viscosity curve for the 
asphalts used in a State or a particular asphalt from a project. If the 
kinematic viscosity (2750 F) of the asphalt being used changes from the 
kinematic viscosity of the asphalt used in the mix design by a factor of more 
than about two, a new mix design should be required. 
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7. Is conveyer system covered and insulated (if necessary) so as to 
prevent excessive loss of heat during transfer of material from 
mixing plant to storage bin? 

8. Does storage bin have acceptable heating system? 
9. Has surge or storage bin received prior evaluation and approval 

before using? 

IX. Safety and Inspection Provisions 

1. Are gears, pulleys, chains, sprockets, and other dangerous moving 
parts thoroughly protected? 

2. Is an unobstructed and adequately guarded passage provided and 
maintained in and around the truck loading space for visual 
inspection purposes? 

3. Does plant have adequate and safe stairways or guarded ladders to 
plant units such as mixer platforms, control platforms, hot storage 
bins, asphalt storage tanks, etc. where inspections are required? 

4. Is an inspection platform provided with a safe stairway for sampling 
the asphalt mixture from loaded trucks? 

x. Truck Scales 

1. Are scales capable of weighing the entire vehicle at one time? 
2. Do scales have digital printing recorder or automatic weight 

printer? 
3. Have scales been checked and certified by a reputable scale company 

in the presence of an authorized representative of the highway 
department? 

4. Date checked Agency Name 
5. Is copy of certification available? ~----~----~~~~ 
6. Remarks 

~~~----~--~--~--~~----------------------~-

XI. Transportation Equipment 

1. Are truck bodies clean, tight, and in good condition? . 
2. Do trucks have covers to protect material from unfavorable weather 

conditions? 
3. Is soapy water or other approved products available for coating 

truck bodies to prevent material from sticking? Diesel fuel should 
not be used. 

4. Type of material used. 
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XII. Provisions for Testing 

1. Does size and location of laboratory comply with specifications? 
2. Is laboratory properly equipped? 
3. Is laboratory acceptable? 

SPECIAL REQUIREMENTS FOR BATCH PLANTS 

XIII. Weigh ijox or Hopper 

l. ls weigh box large enough to hold full batch? 
2. Does gate close tightly so that material cannot leak into the mixer 

while a batch is being weighed? 

XIV. Aggregate Scales 

1. Are scales equipped with adjustable pointers or markers for marking 
the weight of each material to be weighed into the batch? 

2. Are ten 50-lb. (22.7 kg) weights available for checking scales? 
3. Has accuracy of weights been checked? 
4. Have scales been checked and certified by a reputable scales company 

in the presence of an authorized representative of the highway 
department? 
Date checked > , Agency Name 
Is copy of certification ava1 lab le? ----------
Remarks -

~--~--------~~--------------

5. If the plant is equipped with beam type scales, are the scales 
equipped with a device to indicate at least the last 200 lb. (97 kg) 
of the required load? 

XV. Asphalt Cement Bucket 

1. Is bucket large enough to handle a batch in a single weighing so 
that the asphalt material will not overflow, splash or spill? 

2. Is the bucket steamed, or oil-jacketed or equipped with properly 
insulated electric heating units? 

3. Is the bucket equipped to deliver the asphalt material over the full 
length of the mixer? 
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XVI. Asphalt Cement Scales 

1. Have scales been checked and certified by a reputable scale company 
in the presence of an authorized representative of the highway 
department? 
Date checked Agency Name 
Is copy of certification available? ----------
Remarks 

--~~--~-~---~~-------------

2. Are scales equipped with a device to indicate at least the last 
20 lb. (9.l kg) of the approaching total load? 

XVI I. Screens 

1. Condition of screens. Satisfactory Unsatisfactory ---2. Do the plant screens have adequate capacity and size range to 
properly separate all the aggregate into sizes required for 
proportioning so that they may be recombined consistently? 

XVIII. Hot Bins 

l. Number of bins? 
--"':""'l'"~-"'l'!ir""-2. Are bins ,properly part1t1oned? 

3. Are bins equipped with overflow pipes? 
4. Will gates cut off quickly and completely? 
5. Can samples be obtained from bins? 
6. Are bins equipped with device to indicate the position of aggregate 

at the lower quarter point? 

XIX. Asphalt Control 

1. Are means provided for checking the quantity or rate of flow of 
asphalt material? 

2. Time required to add asphalt material into pugmill. 

XX. Mixer Unit for Batch Method 

1. Is the plant equipped with an approved twin pugmill batch mixer that 
will produce a uniform mixture? 

2. Can the mixer blades be adjusted to ensure proper and efficient 
mixing? 

3. Are the mixer blades in satisfactory condition? 
4. What is the clearance of the mixer blades? in. 
5. Does the mixer gate close tight enough to prevent leakage? 
6. Does the mixer discharge the mixture without appreciable 

segregation? 
7. Is the mixer equipped with time ·lock? 
8. Does timer lock the weigh box gate until the mixing cycle is 

completed? 
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9. Will timer control dry and wet mixing time? 
10. Can timer be set in 5 second intervals throughout the designated 

mixing cycles? 
11. Can timer be locked to prevent tampering? 
12. Is a mechanical batch counter installed as part of the timing 

device? 

XXI. Automation of Batching 

1. If the plant is fully automated, is an automatic weighing, cycling 
and monitoring system installed as part of the batching equipment? 

2. Is the automatic proportioning system capable of weighing the 
materials within !_2 percent of the total sum of the batch sizes? 

SPECIAL REQUIREMENT FOR ORUM MIXERS 

XXII. Aggregate Delivery System 

1. Number of cold feed bins? 
2. Are cold feed bins equippe""'d_w....,i'"'"t.,...h_d..,..e_v..,.ic_e_s_..,..to--=-indic.ate when the level 

of the aggregate in each bin is below the quarter point? 
3. Does the cold feed have an automatic shut-off system that activates 

when any individual feeder is interrupted? 
4. Are provisions available for conveniently sampling· the full flow of 

material from each cold feed and the total cold feed? 
5. Is the total feed weighed continuously? 
6. Are there provisions for automatically correcting the wet aggregate 

weight to dry aggregate weight? 
7. ls the flow of aggregate dry weight displayed digitally in 

appropriate units of weight and time and totaled? 
8. Are means provided for diverting aggregate delivery into trucks, 

front-end loaders, or other containers for checking accuracy of 
aggregate delivery system? 

9. Is plant equipped with a scalping screen for aggregate prior to 
entering the conveyor weigh belt? 

XXIII. Asphalt Cement Delivery System 

1. Are satisfactory means provided to introduce the proper amount of 
asphalt material into the mix? 

2. Does the delivery system for metering the asphalt material prove 
accurate within + l percent? 

3. Does the asphalt-material delivery interlock with aggregate weight 
control? 

4. Is the asphalt material flow displayed in appropriate units of volume 
or weight and time and totaled? 

5. Can the asphalt material be diverted into distributor trucks or other 
containers for checking accuracy of delivery systems? 
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XXIV. Drum Mixer 
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ATTACHMENT 3 

l. ls the drum mixer capable of drying and heatin~ the aggregate to 
the moisture and temperature requirements set forth in the 
specifications, and capable of producing a uniform mix? 

2. Does plant have provisions for diverting mixes at start-up and 
shutdowns or where mixing is not complete or uniform? 

XXV. Is plant approved for use? 
If not, explain what needs to be corrected. (Show Item Number) 
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PROJECT INSPECTION CHECKLIST 

Compaction of Foundation 

l. Have all courses of the foundation been compacted to required density? 

Old Asphalt Pavement 

1. Have all potholes been patched? 
2. Have all necessary patches been made? 
3. Have all loose material and 11 fat 11 patches been removed? 
4. Have all depressions been filled and compacted? 
5. Has fog seal been used on surface that has deteriorated from oxidation? 
6. Has an emulsified asphalt slurry seal been applied on old surfaces with 

extensive cracking? 

Rigid Type Pavement 

1. Has pavement been under sealed where necessary? 
2. Has premolded joint material and crack filler been cleaned out? 
3. Have all 11fat 11 patches been removed? 
4. Has badly broken pavement been removed and patched? 
5. Have all depressions been filled and compacted? 

Incidental Tools 

1. Do incidental tools comply with specifications? ----2. Are all necessary tools on job before work begins? 

The Engineer and the Contractor 

1. Have the engineer and inspectors held a preliminary conference with 
the appropriate contractor personnel? 

2. Has continuity of operations been planned? 
3. Has the number of pavers to be used been determined? 
4. Have the number and type of rollers to be used been determined? 
5. Has the number of trucks to be used been determined? 
6. Has the width of spread in successive layers been planned? 
7. Is it understood who is to issue and who is to receive instructions? 
8. Have weighing procedures and the number of load tickets to be prepared 

been determined? 
9. Have procedures for investigation of mix been agreed upon? 

10. Has method of handling traffic been established? 
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Preparation of Surface 

1. Have all surfaces that will come into contact with the asphalt mix been 
cleaned and coated with asphalt? 

2. Has a uniform tack coat of correct quantity been applied? 

Asphalt Distributor 

1. Does the asphalt distributor comply with specifications? 
2. Are the heaters and pump in good working condition? 
3. Have all gauges and measuring devices such as the bitumeter, tachometer, 

and measuring stick been calibrated? · 
4. Are spray bars and nozzles unclogged and set for proper application of 

asphalt? 

Hauling Equipment 

1. Are truck beds. smooth and free from holds and depressions? 
2. Do trucks comply with specifications? 
3. Are trucks equipped with properly attached tarpaulins? 
4. For cold weather or long hauls, are truck beds insulated? 
5. When unloading, do trucks and paver operate together without 

interference? 
6. Is the method of coating of contact surfaces of truck beds agreed upon? 

Paver 

1. Does the paver comply with specifications? 
2. Is the governor on the engineer operating properly? 
3. Are the slat feeders, the hopper gates, and spreader screws in good 

condition and adjustment? 
4. Are the crawlers adjusted properly? 
5. Do the pneumatic tires contain correct and uniform air pressure? 
6. Is the screed heater working properly? 
7. Are the tamper bars free of excessive wear? 
8. Are the tamper bars correctly adjusted for stroke? 
9. Are the tamper bars correctly adjusted for clearance between the back of 

the bar and the nose of the screed plate? 
10. Are the surfaces of the screed plates true and in good condition? 
11. Are mat thickness and crown controls in good condition and adjustment? 
12. Are screed vibrators in good condition and adjustment? 
13. Is the oscillating screed in proper position with respect to the vibrating 

compactor? 
14. Is the automatic screed control in adjustment and is the correct sensor 

attached. 
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Spreading 

1. Are the required number of pavers on job? 
2. Is the mix of uniform texture? 
3. Is the general appearance of the mix satisfactory? 
4. Is the temperature of the mix uniform and satisfactory? 
5. Does the mix satisfy the spreading requirements? 
6. Has proper paver speed been determined? 
7. Is the surface smoothness tolerance being checked and adhered ta? 
8. Is the depth of spread checked frequently? 
9. Has the daily spread been checked? 

Rolling 

1. Are the required number of rollers on the job? 
2. Is proper rolling procedure being followed? 
3. Is the proper rolling pattern being followed? 
4. Are joints and edges being rolled properly? 

Miscellaneous 

1. Are all surface irregularities being properly corrected? 
2. Is efficient control of traffic being maintained? 
3. Are sufficient samples being taken? 
4. Are samples representativ~? 
5. Have assistant inspectors been properly instructed? 
6. Are inspection duties properly apportioned among assistants? 
7. Are records complete and up-to-date? 
8. Are safety measures being observed? 
9. Has final clean-up and inspect1on been made? 
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us. Department 
of Tronsportotion 

Federal Highway 
Admlntstraflon 

Sub;ect Prevent; on of Premature Di stress 
In Asphalt Concrete Pavements 

From: Chief, Pavement Division 

T~ Regional Federal Highway Administrators 
Director Federal Program Administrator 

Memorandum 

Washington, D.C. 20590 

Date APR f 8 19:38 

Reply to 
Attn of HHO-12 

Attached for your use are two copies of a technical paper on the prevention of 
premature distress in asphalt concrete pavements. The paper is an implementing 
action to one of the recommendations of the Ad Hoc Task Force report on 
"Asphalt Pavement Rutting and Stripping." The paper is intended as a companion 
document to Technical Advisory 5040.27. Please furnish copies to the engineers 
in the divisions who are responsible for implementing the recommendations of 
the TA. The paper may also be of use to area engineers as it provides 
additional background information on some points in the TA and responds to some 
of the questions that have been asked. 

We plan to issue a paper this summer on investigating and rehabilitating 
rutted and stripped pavements. If you are awar~ of a good practice in your 
region on this subject, we would appreciate receiving a short writeup on it. 

We appreciate the efforts of the regions and division that have offered 
comments on this paper. If you have any question concerning this paper or 
suggestions for the second one, please contact Mr. Peter Kleskovic at 
FTS 366-2216. 
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TECHNICAL PAPER 88-02 - Prevention of Premature Distress in Asph1lt Concrete 
Pavements 

Asphalt concrete rutting, a channelized depression in the wheel paths, is 

the result of deformations either in the pavement or the subgrade. It 

occurs because of consolidation in the subgrade or in the pavement 

structure, or because of shear failure in the mix. Rutting can cause 

vehicle handling problems and it increases the potential for hydroplaning. 

Stripping is a form of moisture damage that can severely weaken an asphalt 

pavement. It can take a number of forms. Water can get between the asphalt 

and the aggregate and break the bond between them. Water can also get 

between and separate the coated particles in the mix. Still another form 

occurs when the asphalt cement emulsifies in water. High voids or 

segregation can accelerate stripping by letting water into the mat. 

Stripping can rob a pavement of a significant portion of its life. It also 

contributes to early rutting because of strength loss in the stripped layer. 

Rutting and stripping are being .t ::perienced throughout much of the 

United States. In 1987, an FHWA Ad Hoc Task Force issued a report entitled, 

•Asphalt Pavement Rutting and Stripping.• It discussed the national and 

regional nature of the problems, identified causes, and made short- and 

long-term reconmendations to correct them. One of these called for updating 

Technical Advisory 5040.24 to reflect current knowledge. In response to 

this reconrnendation, a new Technical Advisory 5040.27, Asphalt Mix Design 

and Field Control was issued on March 10, 1988. 
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Increased traffic loads and tire pressures have been identified as 

accelerating factors in the occurrence of these distresses. However, 

:upgrading mix design proceoures and construction practices to the state­

of•the-art can help to mitigate the problem. Even though some States and 

regions may not have rutting or stripping problems now, there is probably 

room for improve:nent in every State's procedures which could add extra years 

of life to their pavements. 

Materials Considerations 

The use of locally available aggregates is an important economic factor in 

highway construction. Asphalt concrete is typically made using local 

aggregates. However, in the case of marginal materials, the economic 

benefit may be at the expense of durability. The use of good quality 

aggregates plays a major role in preventing rutting and stripping. The 

recommendations in Technical Advisory (TA} 5040.27 should all be considered 

when evaluating an aggregate. 

One way to make a mix more resistant to rutting is to increase the 

interparticle friction between the aggregates by increasing their angularity 

and roughness. This is accomplished by using crushed aggregates and by 

limiting the amount of natural sands. The TA recommends that specifications 

require at least 60 percent of the plus #4 sieve aggregates to have at least 

two mechanically induced fractured faces. Mechanically induced fractured 

faces are usually rougher than flat faces made by natural processes. This 

rougher texture helps to keep aggregate particles from slipping by each 

other and also provides more bonding area for the asphalt. 
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The TA reconmends limiting natural sands to 15 to 20 percent of the total 

weight of the aggregates for high volume roads and 20 to 25 percent for 

medium and low volume roads. Since natural sands tend to be round and 

smooth, they generally do not have good frictional properties. In addition, 

natural sand deposits may contain clay or organic particles. Asphalt does 

not adhere well to clay coated particles. Clay can also have an emulsifyi~g 

effect on the asphalt in the presence of water. Both of these effects can 

accelerate the occurrence of stripping. 

Some natural sands also consist of largely one sized particles. This can 

produce a gap graded mix, which is more likely to segregate. The gap 

grading may result in a flat slope on the 0.45 power gradation curve between 

the 14 and #30 sieves. If this flat slope results in more than a 3 percent 

hump above the maximum density line, the mix might be tender, i.e., too 

unstable to compact at proper temperatures. 

The gradation of the aggregates is an important factor in the construction 

and the performance of the mat. f. _oregate gradation can affect the strength 

and the durability of the mat, as well as its resistance to stripping or 

deformation. Certain gradations are more prone to segregation. ·For 

example, the larger the aggregate top size, the more care is required to 

prevent segregation. Gap graded aggregates are also likely to segregate due 

to the absence of intermediate sizes which help to stop the larger aggregate 

from rolling. 
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Asphalts can be graded by penetration, by the viscosity of the original 

asphalt (AC Grading) and by the viscosity of the aged residue (AR Grading). 

The AR-graded asphalts may have problems when used in drum mixer plants, 

since the asphalt may not harden as much as in a batch type plant. This 

could lead to rutting, since the asphalt in the mat would be softer than was 

assumed in the design, making the mix less stable. 

AASHTO Specification M-226 sets requirements for AC and AR-graded asphalts. 

Tables 1 and 2 of this specification set absolute viscosity ranges at 

140° F and a minimum kinematic viscosity at 275° F for AC-graded asphalts. 

It does not however set a maximum value for kinematic viscosity. Therefore, 

it is possible for two asphalts to meet the requirements ·Of M-226 and yet 

have substantially different kinematic viscosities at mixing temperatures. 

To control this variable, attachment 2 of the TA reconrnends that a new mix 

design be performed if the kinematic viscosity of the asphalt being used at 

the plant changes by more than a factor of 2 from the asphalt used in the 

mix design. 

The amount of asphalt aging occurrfog in the mixing process must be 

controlled, since highly aged asphalts will be more brittle and likely to 

crack. The aging process is simulated by the.Thin Film Oven Test (TFOT). 

The viscosity of an P.C-graded asphalt subjected to the TFOT should not 

exceed four times the nominal viscosity of the grade. For example, an AC 

20 has a viscosity range of 1600 to 2400 poises. After the TFOT, its 

viscosity should not exceed 8000 poises. 
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A new feature of the TA is the low temperature ductility test. The test 

gives an indication of the mix's potential for low temperature cracking. 

The test is based on AASHTO T51, but is performed at a lower temperature of 

39.2° F and a slower pull speed of l cm per minute. 

Mix Design Considerations 

The purpose of a mix design procedure is to determine for a given gradation 

and Quality of aggregates the optimum asphalt content and grade which will 

meet specification requirements for stability, voids, VMA, flow (Marshall), 

swell (Hveem), and will be close to a maximum unit weight. The selection 

of the optimum asphalt content is a balancing operation among these factors. 

It is essential that mixes be designed using the actual project materials 

since certain interactions occur between aggregates, asphalts, and 

additives. Changing one of the ingredients may set up a completely 

different interaction. 

Relating the density of a laboru . ..,r·y compacted specimen to the pavement's 

ultimate density under traffic is a major element fo designing mixes. 

Asphalt mixes should be designed for 3 to 5 percent air voids, which is the 

desired voids level of the mat after several years of traffic. The goal is 

to build a pavement that is dense enough to minimize air and water intrusion 

but has enough voids for the asphalt to expand. 

To try to simulate the effects of traffic, various levels of compactive 

effort are used to make laboratory design specimens. In the Marshall 
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Method, specimens are subjected to different numbers of hanmer blows 

depending on the design ESALs. Specimens should be compacted with 35 blows 

per side for pavements that will have less than 10,000 ESALs, 50 blows for 

ESALs between 10,000 and 1,000,000, and 75 blows for ESALs above 1,000,000. 

It is important to note that specimens compacted with mechanical hanmers 

generally have lower densities than those compacted with manual hanmers. 

However, AASHTO allows the use of the mechanical hanrner provided it has been 

calibrated to give results comparable to the manual hammer. 

Problems may result if lab specimens have been over-compacted or under­

compacted in relation to expected traffic. For a light traffic highway, a 

75 blow design could cause problems because the mat will probably not reach 

design density under traffic and will have excessive voids, making the mix 

susceptible to rapid asphalt oxidation and water damage. Similarly, a heavy 

traffic pavement designed with only 50 blows, might be densified by traffic 

to the point that the mat would be deficient in voids. The mat may not have 

enough void spaces to permit for thermal expansion of the asphalt and the 

pavement would be prone to bleed~· ;, stability loss, and rutting. 

The TA provides stability values for the three ESAL ranges. Although 

stability is desirable, excessively high stab.ility values may be achieved 

at the expense of durability. For ex.ample, to an extent stability can be 

increased by reducing the asphalt content. However, reducing the asphalt 

content too much results in thin asphalt films on the aggregate which makes 

the mix. more prone to stripping and to age hardening. 
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In designing mixes, the air voids content should be based on the maximLl'll 

theoretical density of the mix as determined by AASHTO 1209, the Rice Test. 

The Rice Test is the best available procedure for determining the maximum 

theoretical density because of the short-test time and because it accounts 

for the asphalt absorbed by the aggregate. It also eliminates the error 

that can occur by trying to calculate a maximum specific gravity based on 

the percentages and specific gravities of the component aggregates. 

In the past, base and binder mixes have been constructed with higher air 

void levels and somewhat lower asphalt contents. Typical values have been 

as high as 8 to 11 percent. These high void mixes are more likely to strip, 

because the mat is open to moisture penetration. Additionally, the 

aggregates typically have thinner asphalt films, which lowers mix strength 

and makes the mix more likely to strip. To prevent problemst bases and 

binder mixes should also be designed for 3 to 5 percent air voids. 

The Voids in Mineral Aggregate (VMA) is a measure of the space between the 

aggregate particles which can accomnodate the asphalt cement and the air 

voids. If the VMA is low, the mix will have either a low voids or asphalt 

content, because there is not enough empty space in the mix to acconmodate 

both. If the VMA is too large, then too much asphalt cement will be 

required to achieve density and stability will be lowered. Minimum VMA 

values are included in the TA. These values are based on the nominal 

maximum aggregate size, i.e., the largest sieve on which some material can 

be retained. 
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It is reconmended that the ratio of dust or minus #200 material to asphalt 

be kept between 0.6 and 1.2 based upon weight. For a mix containing 5 

percent asphalt, the dust content should be held between 3 and 6 percent, 

using washed gradations. The effect of dust on the mix is complex and 

depends on the size, shape, gradation, and quantity of the dust. A certain 

amount of dust is needed to produce a dense cohesive mix. However, in some 

cases too much dust can result in low air voids and can stiffen the binder, 

resulting in a harsh mix. Fine dust can act as an asphalt extender and cause 

the mix to be tender. Single sized particles may increase the asphalt 

demand of the mix. 

Evaluation of Stripping Potential 

A mix design is not complete until an evaluation has been made of the mix's 

resistance to moisture damage. Moisture damage susceptibility can be 

estimated by strength loss after moisture conditioning by a number of test 

procedures. Probably, the most promising procedure is the Root-Tunnicliff 

test. It is faster than the Lettman test (AASHTO T283} and is adaptable to 

field control. Also, the samples are more severely conditioned than in the 

Immersion Compression test (AASHTO Tl65). 

Asphalt concrete mix design is complex, therefore, it is also important to 

identify the reason for the loss of strength in the stripping test. The 

worst scenario is to use an anti-stripping additive when the problem may be 

due to a low asphalt content caused by a low VMA. In this case, it would 

be better to change the gradation to increase the VMA so that more asphalt 

could be put into the mix. 
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Once a set of materials is found to be susceptible to water damage, an 

additive should be selected. The type, dosage rate and method of 

application should be determined through laboratory testing, preferably 

using the Lettman or the Root-Tunnicliff Tests. Hydrated lime and portland 

cement have been found to be very effective in protecting mixtures from 

water damage. 

effective. 

Some liquid anti-stripping additives have also been 

Agencies should guard against the use of any additive without adequate 

testing and evaluation. Some States have developed approved lists of anti­

stripping additives. This is an acceptable practice provided the proposed 

additives are then tested with.the actual project asphalt and aggregates. 

Reliance solely on the approved list may result in the use of additives 

which have no effect or which may even be detrimental to the mix. 

Plant Operations 

The TA covers a number ~f specific paints necessary to ensure proper plant 

operatfons. Attachment 3 of ti" .. •I A is a model checklist for fospecting . 
asphalt plants. A few points should be stressed. Agencies using AR-graded 

asphalt should verify that the asphalt hardens sufficiently during mixing. 

This is accomplished by recovering the ~xtracted asphalt and testing it for 

viscosity. This testing can also give a hint H unburned fuel oil is 

contaminating the asphalt. 
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The dust/asphalt ratio should be monitored during production. The 

dust/asphalt ratio has become increasingly important since the advent of 

baghouse dust collectors. Typically, the contractor wants to recirculate 

all of the captured dust into the mix. However, it is difficult to properly 

compensate for the extra dust during mix design, since it is difficult to 

meter a constant flow of dust into the actual production mix. High dust 

contents make the mix more sensitive to asphalt content. Depending on the 

size of the dust particles, the mix may have either a lower or higher 

asphalt demand. If the flow of dust varies during production, the mix will 

alternate between having too much or too little asphalt. 

The asphalt plant testing program should include verification testing of the 

mix design. This should occur after plant start-up and peri~dically during 

production. The purpose is to verify that the production mix has the same 

properties as the mix that was designed. As well as being tested for 

asphalt content and gradation, the plant produced mix should also be run 

through the standard design tests such as stability, voids, density, etc. 

Plant produced mix may not have the same properties as specimens compacted 

in the lab even though they were made from the same ingredients since some 

aggregates produce addition a 1 mi nera 1 dust when processed through the p 1 ant. 

Failure to do verification testing can result in a mix being produced which 

has different gradations, voids, stabilities, and densities from the 

laboratory mix. If this happens, the benefits of doing a mix design are 

lost. 
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Laydown Operations and Compaction 

Paving operations should start with the construction of a test strip. A 

nuclear gauge should be used to determine the number of passes needed to 

obtain optimum density. Cores should then be taken from the test strip to 

determine the bulk density, which is the true density of the mat. A 

correction for the nuclear gauge due to aggregate type is obtained by 

comparing the nuclear density values to the bulk density values. To 

determine if the rolling is providing the proper level of compaction and 

voids, the bulk density of the cores is compared to the maximum theoretical 

density of the mix, which should be obtained from the Rice Test. 

Density specifications can be based on meeting percentages of maximum 

theoretical density, of lab density or of test strip density •. Whichever 

specification is used, acceptance levels should be set so that after 

rolling, the mat will have air voids of 6 to 8 percent, or a density of 92 

to 94 percent of maximum theoretical density. 

Not enough can be said with regard to the detrimental effects of paving in 

cold or wet weather. Adverse ambient conditions can result in inadequate 

compaction, poor bonding between layers, or moisture being trapped in the 

pavement. Raising the temperature of the mix to compensate for cold weather 

conditions may age the asphalt cement excessively. Also, hot asphalt cement 

flows more readily and is more easily absorbed by the aggregates. The hot 
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asphalt cement will tend to drain to the bottom of the storage bins or the 

truck beds resulting in fat spots in the mat corresponding to each truck 

load. Also, if absorption becomes significant, the mix will have a low 

effective asphalt content. 

Paving on a cold surface can cause the temperature of the !!!ix to drop below 

minimum before rolling is completed. AASHTO has recently adopted into its 

Guide Specifications the following suggested-minimum surface temperature 

values for different lift thicknesses. 

Compaction Thickness Surface Course 

< 1 1/2 in. 
1 1/2 to 2 1/2 in. 
2 l/2 in. + 

60° F suggested 
· so° F suggested 

40° F suggested 

Sub-surf ace Course 

55° F · suggested 
45° F suggested 
35° F suggested 

All rolling, including the finish rolling, should be completed before the 

mat temperature drops below 175° F. The 175° F should be considered an 

absolute minimum value, since continued rolling with a steel wheel roller 

can cause the mat to decompact. ,.. ·-mpaction of the mat should begin as soon 

as possible after laydown. 

The TA strongly encourages the use of pneumatic rollers because of their 

ab i l i ty to knead and sea 1 the sur:f ace of the mat. There is a 1 so some 

indication that they provide a more uniform level of compaction across the 

mat and provide better compaction at joints. 
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Again attention is needed during paving to make sure that a uniform mat has 

been produced and that no segregation is occurring in the paving operation. 

A number of paving practices can result in segregation such as uneven paver 

demand, emptying the hopper between loads, or in the loading of the paver 

hopper. 

Conclusion 

There will always be a need for additional research and new products. One 

area needing study, is how to relate mixture properties to pavement design 

procedures. Work is ongoing through SHRP to evaluate tests methods for 

asphalt cement and asphalt/aggregate mixtures and to monitor the long term 

performance of pavements,. In NCHRP project 9-6( 1), the Development of 

Asphalt-Aggregate Mixtures Analysis· System, work is ongoing to develop 

better mix design procedures. 

However, much of the current rutting and stripping problem could be 

corrected by using state-of-the-art knowledge in mix design and 

construction. This effort requires the commitment of the highway cOl'lltlunity 

to designing and producing high quality pavements. 
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U.S. Department 
of Transportation 

Federal Highway 
Administration 

Sub1ect Gui deli nes on the Use of Bag-House Fines 

From Chief, Pavement Division 

To: Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Memorandum 

Washington, D.C. 20590 

Date 

Reply 10 
Attn. of: 

APR - 7 i988 

HH0-12 

Attached is one copy of a recent National Asphalt Pavement Association (NAPA) 
publication on the above subject. It is the most comprehensive and informative 
study on this subject to date. The NAPA has made a distribution of this report 
to its member companies. 

You will note on page 21, Summary and Conclusions, that the author recommends a 
maximum dust asphalt ratio of 1.2 to 1.5 by weight in Item 1. This is not 
completely in concert with Item 4.a (8) of the March 10, 1988, Technical 
Advisory T 5040.27, which recommends a maximum dust asphalt ratio of 1.2. We 
have no quarrel with the authors recommendations provided that his other 
recommendations and particularly number 3 can be, and is, strictly adhered to 
at the mixing plants. 

We suggest that this report be given to your pavement or materials specialist. 
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us. Deco n 1 enT 
ot Tn::insponcnon 

·redet'al Highway 
AdminishulkM 

S1Jb1ec1 Transmittal of Report FHWA·SA-92·022 

From Director, Office of Engineering 
Director, Office of Technology Applications 

ro Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

:'.late 

i:ieo1y 10 
Attn ot HNG-42 

Attached are copies of the State of the Practice on the Design and 
Construction of Asphalt Paving Naterf i1s with Crumb Rubber Nodffier 
(Publication No. FHWA-SA-92-022). Sufficient copies are provided for 
distribution of two copies for the region office, one copy to each division 
office, and four copies to each State department of transportation, or as you 
see as appropriate. 

The passage of the Intermodal Surface Transportation Efficiency Act of 1991 
(ISTEA) has generated interest in the highway conmunity on the subject of 
using scrap tire rubber in asphalt paving. The State DOT's are all aware of 
the provisions of Section 1038(d) which w111 require them to satisfy the 
minimum utilization of crumb rubber- modifier (CRM) beginning in 1994. 

The Pavement Division, with the cooperation of the Office of Technology 
Applications, has completed this report on the design and construction of 
asphalt paving materials with CRM. We believe this do~ument will assist the 
State OOT's to develop an understanding of the technologies associated with 
CRM. This understanding is essential to form educated decisions on the 
implementation of ISTEA Section 1038(d). 

The FHWA distribution of this document will be limited to public agencies and 
highway industry associations •.. Direct distribution is being made to the 
Technology Transfer Centers. Further distribution to individuals and private 
companies will be provided through the National Technical Information Service 
at (703) 487~4650. 

~ ;ioo~. a 
tA L ~ £J Jdq-----· -
Thomas o. Willett 

Attachments 
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U.S. Deportment 
of Tronsportanon 

FederalHighway 
Adminisltation 

subiect Asphalt Concrete Mix Design and Field 
Control TA 5040.27 

Chief, Pavement Division 
From Washington, D.C. 20590-0001 

ro Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

Date JUM 2 ~990 

Reo1y to 
Attn Ol 

HH0-10 
HH0-30 

Attention: Regional Pavement and Materials Engineers 

The subject Technical Advisory (TA) was issued in February 1988. The 
Section 6, Plant Operation, on page 8 offers suggestions and reconmendations 
on items of importance at the mixture production plants. Item 6.b. states, 
"To avoid or mitigate unburned fuel ail contamination of the asphalt mixture, 
the use of propane, butane, natural gas, coal, or No. 1 or No. 2 fuel oils is 
recommended." The processed used-oil and heavy fuels oils were not included. 
The reason we did not include processed used-oil was that in the early to mid 
1980's, there were some very shoddy practices by some used-oil processors 
which resulted in both combustion and environmental problems. In 1989, the 
Environmental Protection Agency (EPA) codified regulations on the maximum 
levels of metallic contents of processed used-oil. To comply, the used-oil 
must be treated and those processors who can do so successfully are licensed 
by EPA. These processed used-oils should be satisfactory for use in hot mix 
asphalt production. 

With regard to heavy fuels, they were omitted from those recol'll11ended in the TA 
since they require preheating t9 lower their viscosities to the point where 
atomization and full combustion can be attained. Equipment is available to 
achieve full combustion and if properly used in the asphalt mixture production 
process, the heavy fuel oils can give satisfactory results. 

In surrrnary, it is not our intent to preclude the use of fuels that do not 
contaminate the mix. Regardless of the type of fuel used, our concern is that 
the hot mixed asphalt concrete is not damaged in the production process. The 
only way, that we are aware of, to assure ourselves of this is to follow the 
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suggestion contained in 6.c. of the TA which states, "If the asphalt cement 
is overheated or otherwise aged excessively, the viscosity of the recovered 
asphalt will exceed that of the original asphalt by more than four times. 
However, if the viscosity of the recovered asphalt is less or even equal to 
the original viscosity, it has probably been contaminated with unburned fuel 
Qi 1 •II 
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AGGREGATE GRADATIO~ FOR HIGH".AYS 

Aggregate Gradation: Simplification, Standardization. and [niform Application 
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By the- Bureau of Public Roads 
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AGGREGATE GRADATION: 
SThIPLIFICATION, STANDARDIZATION, 

AND UNIFORM APPLICATION 

BY THE BUREAU OF PUBLIC ROADS 

Thi• r'f!pOrt eta• prflptlrf!d. brl a •P<tcial committn appointed. b11 .b•i1tant Ff!df!ral Hi1h1.Ca11 .•d.miniatra. 
tor and Chif!( Bn1inecr Fronci• C. Tcuner and repreffntinf the Burecu of l'u.blic ROGd1 QfflcH of En1inetrin1, 
Opf!rlltion•. and RHearch. The committ11 includ.td. .-trdtr• R. R11nkin, chairman. Oflictt of thtt . .tH1dant 
. .tdminiatrcrtor: C11rl ..t. Carpenter and Ruuell H. Brink, l'h11•k•l Rf!1ttcrch Dicition: .tfortev B. Chriaten.en, 
Co1utruction and .tlaintencrnce Dici1ion: and William B. Butnn. end .'lorman J. Cohf!n, Equipm•nt and 
.Wethoda Dioilion 

The Need. for Simplillcation 

St-cause oC the m&4nitude of the nationwidf! highway 
construction program arid the enormous amount of public 
funds requi~ to finance it . .-•·ery effort must bf! made to 
develop and apply ways and mttans of ~ucing construe• 
tion coats while at the :iame ume a:uuring the production 
of only hi1Jh quality worlt. In It.II continuing miMioD of 
contnbutin~ toward the aceompliahmf!nt of that objectivf!, 
the Burf!au of Public Roads has made a study of the 
poeinbility of effecting economies through simpliJlcation, 
~tand&rdii:ation, and uniform &pplication of aggregate 
g?adationa. 

[n ~rforming this study, analyllf!ll Wf!rf! made of the 
cumnt standard speciflcationt of tile highway departmenta 
of the 50 St&tes. the Commonwealth of Puerto Rico, and 
tile District of Columbia. The analy- diacloeed a wide 
dive!'!ity in the l'l!'Quiremenu Pf!rt&iniAg co aggregate 
gn.d&tions. SotM 215 dissimilar 15!!d&tiona are specified 
for co&l'9f! ~gatf/11 lor portl.and cement concrete. Of 
tfie911! i?'Miauons 88 ife ibf bbtd ilNe't\ll'n ilDld pavemeot., 
91 &rf! for stnictul'l!ll only, and 3& are 10lely for pavementl. 
In contrut.. Part. l of the SC-"'°'11 s,.i~ fw 
ffiglu.alJ .'tfaunola of the America.a A.-oeiation of State 
Highway Oftlciala includes 011ly 19 gnd&tions of coane 
a4greptee for ail highway eoutru~ion <- AASBO 
l">Hignation !d "349), with only 7 cMiped for u1e in 
eoncl't!te pavemeni. or i.-, bridges. and incidental 
structlll'f!ll i- AASBO D '$ Miae M -..&l}. Simil&rly, 
the 52 bigh-1 del*"-• ..-if1 a cotal of 58 line 
qgrept.e ~ fw ~ pavement. and 1truciura.I 
concrete wbereu AASllO·'lptCilel only 1 (- AA.SRO 
Df!signation M &-&l). . 

In addition, there • Couiderat* !Mk of oonaia&enc:y 
among the Sta&e11 in tbe number and ._ of siewe lllled 
to determine the irad&tiou; fur\llennore, there w no 
uniform method in actual me by tbe St.ates for designating 
•U"!Pte rr-«fatlon si... Only two Sta'8 refer co t.he 

siie designations used in .-\.-\SHO Df.~i~nation '.\{ S0-51. 
:5ome St&tes h&•·e their own systerm of :1ize desil!:n&tions 
and other States use no desu~nation:1 at all. 

Obviously. a lftf!&ter degtf!e of stmplicitr, sundardiza­
tion. and uniformity of u~ for s11;~gate ~rad&tions 
would be highly desirable. For exampk>, a commercial 
suppliu wbo pl'!!teatly furniahe11 alJign"ir;ates undf!r nu­
merous varyinc specitlcation requ1rem•nts for sevf!ral 
Federal, State, county, and municip&I hiir;hw&y or~ai~­
tions for identical construction purpoaes. "'ould certainly 
tlnd it much 1impler and Lea coetly if the 5i.IDI! few ir;rad&­
tiom1 witb Identical specification requirf!mf!nts werf! used 
by all the!M! agencies. Similarly. construction contracton 
bidding in more than one jurisdiction could prep&rf! their 
bids much more intellipntly and pl"Obably st lower 
prieet ii tbe speciAcation l'l!quirements and the materialll 
deaipationa were the same for ail jurisdictions. 

For rea.moa of economy and beeauae of thf! crowing 
scarcity of high-quality agregatn in ;ome areaa, it 1s 
-ntial to make u much use u pouiblf! of ag~gates 
that. are locally available. Thia fnquently necessitates 
tailoring the speci6cation requirements to fit the charac­
teril\ic:a of Mlc.b local aggrtptes to whatever enent may 
be oomp.,ible wit.b produc111g higb.-quality construcuon 
at. economical prices. ~everth.eless, a mucb greater 
de~ of si&Ddardiaation and uniform use of ag~ir;ate 
grsdatiom can undoubtedly be achieved. The problem 
bu long been reeogniaed and hu here ~n approached 
with thfte speciac object.ivea: 

1. To develop a minimum number of standard &«~ 
pt.e (l'lldationa that can be uniformly aclopted na.tionwide 
for pneral tJllll4'!, wllile at the same time ~izing the 
need for some vll.riationa by special proviaions to flt 
locally available materials. 

2. To aobieve uniformity in the number and sian of 
aieVft to be uaed in specifying the agrepte gradations. 

3. To develop and adop\ a aimple and uniform system 
for identiilcation of tbe -...ndard agreptf! grad&tiona. 
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Thtt Simplill.ed Practic1t Recommttndation 

A rn.ajor step toward accomplishing thHe obje>cti~ 
wu taken on June 30, 19"8, when the Department of 
Commerce approved a.ud i.saued Simplilit'd Practice 
Recommendation• R 163-48 1 for coal"9e aggregatt'a, 
including crush«! Stone. gravel. and !l.&g. A pn!deceYOr 
rPcommendatton had origin&lly been approved for pro­
mulgation in June 1936 and i!sued u R 163-36. It 
,..3.5 proposed by the Joint Tec:hn1cal Committee of the 
'.\tiner3.l Aggn:>gate! Association, compoetd of repre!lenta­
uves •if '.hf' ;.;ational ·5and and Gravel .\ssoc:iation, the 
'.\' .itlonal C'ru5hed 5tone :\ssoc1adon. and the :-.r ationr.1 
5lt1.1; A~soc11>t1on. Pmduce!'!. distributors. and users of 
mmer:i.I :i.irgregate all cooperated in developing the simpli­
tiE>d pr:i.cuce recommendation. An intermediate M!Vlllion 
wa.s appro\'ed and published in 1939 and !!Orne additional 
revmons $Ubsequeot to 1939 resulted in the publication 
.i( the current issue of 1948. Table 1 shows the :SPR 
grading! that are currently in effect. 

. \! will $hortly be descri~, the SPR system bu been 
eseentially adopted by both the A.ml!rica.n A.uociation 
o( State Highway Official! and the American Society 
for Testing and :'.\.laterials. 

Valme ot tbe SPR .,.Item 

The ~impli.lil!d practice recommendation R 163-48 em­
hodin a D.umber of bigbly IO!Jical and UHful featuree: 

1. Standard n11111.-The SPR gradings employ a simple 
and convenient. square-opening, 'ieve-eiae serieil baMd 
primarily on the lopnthmic principlie. 

' "-• ....,,.._ .~ sr..w. 0-' .... ..,,, ... ..,... ,..,.... 
..,_ ............. R 1•41. appro9'd lam 311. 11141. N1~ 8- of 
l!IUda.rdl, l".!I. o.~, or Com-,., 11141. · 

The buic l<>gl.ritbmic sieve :.er1e"S •mplo:;"ri ::»'lt'Jru! with. 
a 1ieve baving ciear openinga of 3 inches and eacb mwler 
sieve baa clea.r open.i.np the di.a.met.er or wtuch Ill one-balf 
tbat of the next ~er one. Thue the bu1c series 111 3-Lnch 
1i.,..incb.%-ioch.'\-ineh. '.'io.-l. :-<o.8. :-Oo.16. '.'io.30. ~o.so: 
So. 100. and So. 200. Becauae some consumer interest.11 
consider th.at the lojfarithmic seril!\!I d~ not provide 
enough control in the larger sizes while ot hen desire 
rreater fr~dom in selecting ma1.1mum sizes. the gaPf! ha,·e 
been reduced in the :5PR series by ~uperl.lllpo~ing •ipon 
the logarith:oic series. the arb1trarv sizes ~inch. 31 :·inch. 
21-,-inch. 2-inch. !·inch, and '1-m~h. Al.so. two of the 
logarithmic ~i.ie!I were left out o( the :-iPR s<>r1e~ -the 
:"\o. 30 because it ,..as felt that it serves no us.-ful purpose 
in grading control of coane commercial a.girre11;ates. and 
the :'\o. 200 becauae material of this ;izP '~011 fines and 
commercial mineral filler for bituminous pavinff mixturesi 
ii not and !hould not be conaidered an in1rredient of 
commercial coane aggregate.. Both the ;.;o. 30 and the 
So. 200 sieve111 are required in :1pecuyjn~ sands and fillers . 
M in the AST~ and A.<\8HO standards. and both fit in 
the lop.ritbmic eerie1. 

2. SimJlk 1y1t.em.-Tbe SPR gTadinir.i embody a .simple 
and readily understandable system o( individual su:e and 
grading deeignatio111 conaiating basically of smgll!-di~t 
numbers. 

The single-digit numberi11.g serie1 a't&rt.8 with '." o. I for 
the standard commercial &1Jgl'1!gate havmg the largest 
toJMill! particle. and p~ from :-;o. I through :-;o. 9 
u the individual tiandard couse aggregat.e!I decreue in 
siae, u 1bown in table 2. 

SecaUll! of cominent demandll for certain lonljef grad­
inp tb..ul the relatively thort onee repneent.ed by tb.e buic •ri.ell. ehowu in the flnt column of table 2, a aecoD.dary 

Table 1.-s ..... , ,..,.. ........ Cena~ ...... ,,. .... a.ad .... , h• ..... w Pr8dlet ........ ctUI••·. IU-411 

8PR -1' SomAUIUl,li ·..._ ......... ........, .... (~ ........ S--... bJ ftlltll 
DQID\:llr SI- • 1 I \ 
~ I Ml. i l)i.llL. j Ma. at-& I :Ma. 1~ l...la. t(..._ ~ ,..._ No. 4 J So. I • So. It l So . .ID I So. 100 

---, ---
~;·;·· ...... : fti:li.t ........ 1 1: i :::: !. ....... ._. ........ ...U ........ M ........ ········1··--·--·/········1· ........ : ............... .. 
2P' ......... J a-u~· ......... ! ' 1111 l·•icii· ····-··· ...... .!;: ········ ········ ········ ········ ................................. , ....... . 

~:·;;_;:_;) i~--- ~:- __ ;: :~i~~~ ::E: .:i :~: .!.!. --~- ;;:; -.~'. ::::~: :·::§_
1
.••••••i•••·•.:1:•••••-.•••-:::• 

:'1•"""··--, '~·· '······ ................ ········ ...... ~. .. .............. ,. ........ ,... ... ....... .!. ....... ! ........ ; ...... .. 
~::::::::::! i~i::::::: :::::::: ::::::: ====- ===::::: :::::::: a ::a --~- a ... ~. ---~- :::=i.:.it:::::: ::::::::c::::: 
:; .......... ~-;1,·········· ········ ....... -······ ........ ........ ........ - --- .... ..... ... I ........ ; ................ ; ....... . 
r:::::::::: ~~~ t:::: :::::: ==::: ~=:::: :::::::: :::::::: :::::::: ----~- :-a ·••· !i E oE i::::~~: :::::::f :::::: 

~~;~~::::: ~~~ ~~;;;::; ~~;~~ :::::: :~~: :::~~: :~: -~-! --~-1---~[§• :::: 
02• •••••••. ,tt:~ ...__ ·-·-· ··-··-· ........ ........ ........ .. .- ........ •n ........ •• '::: ~I...~~~ ...... ~~ Ga•...... . l~ It··-···· ....•... ...•.... ........ ........ ta .... .•...•.. ... ........ 0-LI M ·······+······+······· 

2 
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T•ble %.-Ba.lie: SlmplJhC Prsd.let1 &ec.•-•claU••• 
1111•beriaC •1Re• 

; Comb- j Somtaal si. llm llmJlll 
BM1e9PR. • '*-°' : ·-------

•1es1pumou1 -.: - : ' ' . · 
, ,.,.._. i :W:-1 .:W:ll:l.lau:lm : :W:u:lmam J !lllnlaam 
• I ' , t 

~--- ----
1. ......•..• .' ............ , 31<,-ID ••••• ! Htm ...... t-lll •••...• 'l·lll. 
z ... ..................... Z~ID ••••• l\.<i-112 ••••• l-ID ....... "\·lfl. 
l. . ..... ···-~- J5;". ~.~~:::::: .. ~:~~::::~~ -~~~:~:::· 1,.ui. 

.•... · ...... 
467

. t i.,,.uL •••• ~-lll ••••.• Z.in •••.•.. ' ..... lll. 

..... .......... i . .n. :::::: ·;.;.:..a:::::: 'i;;..a::::: .... Ill. 
rr .:::::::::::: :::::::::: .. ::::::::::::. 

~ ... ' 

~ ........................ 't.·LD •••••• ..,_"'······ l·lll •••••.• i So.4. 
~ ,. ......... ., ........................ ! 

..................... ~ .. '.~~::::::::~~::~-:-:::: 5~::::::: So.&. 

'-- ....................... ·~in...... 'io. a ...... : '+ill .•...• : So. 16. 
9 ........................ So.~ ...... So.!& ..... '-"ID ...... So. :JO. 

I 

gradin~ ~eMP9 was developed by combininc the basic 
l!Tadin~. These combinations or the buic gradings are 
identified by corresponding combinations or the ~ingle 
digit numbers. Thus. standard ~grel{ate :So. 357. shown 
in the second column o( t•ble 2. which 1mmediai:ely follows 
~o. J in the SPR table of gradinp (table II. is a combina· 
tion of ~tandard sises S(Jjl. 3. 5. and i in such proportions 
as to conform to the gradinl{·band limita that were &111igned 
to it. 5imilarly. stand.o.rd ag~ate So. SO. foUo•in« 
!'o. 5. is a combinaiion of standard siaee SOI. 5 and 6 in 
9UC:h proportiom u to con.form to the grading-band limit.I 
aaaiitned to it. 

Gradin!J! Soe. lF. 2F. 01. G2. and G3. liated in table 1. 
do not apply to higbway work and are not included in the 
abridl{ed venion of table l that bu been publiabed in the 
.\ . .\SHO and . .\ST~ Standard.. Item 10 It.able ll repn­
!!enta !creeninip and may be 1:1>naidered more or 1- • 
residual material from a.grt'gat.e crwih.ing and p!'OC91ing. 
It is not ipnerally subject to cloee coovol, u iodicat.ed by 
the •ide limita on the amount p&aiDJ the So. 100 aieve, 
and is not conaidered pertinent to th.ii diacu.ioa. 

3. Fle:nlnlilv.-The SPR gradinp permit• higb ~ 
of fll!Xlbilitv. 

The ~tandard. stock ag~tes C&.P be combined to 
produce any rtt.10nable i.otal lr'Milol for roadbuildiq 
purpo&l!ll when further combined with 1ui'6bie au.di or 
mineral filler. 

Adop&lo• bJ AA.SRO ud .l.STM 

The ori~nal SPR iMWUlce, a 163-36, .,.. llCLopied, 
esl!4!ntially u promul.p&ed. bJ &U Amwtma ioaiety for 
Teetin« and '.\lateriala in 1117 • T•&a&i.w 8peoi1Mc.ion 
0 -HS-31T. h wu OIUrillllr: • a TenM&iw lk.ud&rd, 
with revtaiona in 1941 Md llNlt, 1llllo8 UM7, wllen i' wu 
advanced to Standard. n,. ~ ..... reviaed in 
1949 and in t 9M and DOW ..... m .ASTM pu~l-&iollll 
u Standard Speci1l~ 

The simplilied prM'Uea reeommeMaNN. includinc it.I 
numbering syat.em, WM .dopWd &o '°"' AUlda.rd UNI 
of coarse &an!Pt.e for higb-1 oomuu.&ion bJ UM 
Aml!nean A.eeoeiac.ion of St.ate Hlcb-1 Oftlciala in 1942 
a.ud wu dl!l!lllf?lat.ed AASHO 8peci.tlaat.loo M 43-42. 

With 110me exeeptio111 tbe SPR ip'&d.in~ ""re Ll:w 11.dopted 
that year (Qr enabed stone and crushed ~i&.!f. for vano11~ 
specitic purpo!M!'5 u in AASHO De!11Jnat1on .\l 75-4:.1. 
b1.111e coul'!le: .\l 76-42. bituminous concrete bue course 
and ·Jthers: aod also .\l 80-42. coarse aggregate for port. 
land cement concrete: but rn these individual applications 
the :SPR numbering sy:1tem wa:i not used by AASHO 
1rntil 1949. :Since that ,·ear. all features of the :SPR 
•cheme ha\'P. with minor. de,·iat1ond. • been ~eneraJh· io· 
cli1ded in .\.\:5HO specitic:mon~ for ,pecific nemd a.;;. 11t·eU 
a.:1 in the ~eneral ~roup ;pec1tica.t1on for coarse :i.ot~r .. ii;ate~ 
for hill(hway construction. :Some •lill;ht r,.,·1s1on~ 1)f 
.\f 43--1:.! 11t·ere mll.de m I ':149 and tht> desu~n~tion 11t·a.s c-haniced 
to '.-.l ~:\-4\1 11rh1ch 1:1 still carried. 

The present SPR '·'":Hem dot>~ not provide crimplt>te 
.;ca.dings for portland cement concrete or bn ·iminou:; 
paving mixtures because it 1foe~ not co•·er •and:; 0r minerit.I 
tillers. F1Jr both of these. how .. ,·er. there :.ire .\A.SHU and 
AST M dtandards. 

Aggregata for Portland Cement Concrtte 

The adoption by A.\SHO and .\ST.\l of the :SPR dystem 
for coarse aggre«ate.s for po"iand cement concrete bas 
just been descnbed. With reaard to sand for portla.nd 
cement concrete. the need for !taodardizataon is now met 
by AASHO Speeilicauon .\f 6-51 and .\ST:\l Specification 
C :J3-~9. wb.ieb are \"ery similar to each other. u shown in 
table J, and botl:a of wl:aich ha\•e proved ~atisfactory in 
u!le. Both ip'&dinirs •ltiliie the locar1th.mic sieve ~11e:11 and 
are therefore compatible with the 5PR ~ystem. 

AHrcjates for Bitum.inoUll Pa.,ing .Vb:turea 

c-........... . 
·'·'SHO bu two spectftcatio!lll for coarse s.11grecates 

for bituminous pavin1 m.ixtures; one for bituminous con· 
c:rete bue course, M 76-31. and ·one for bitum1nou.s con­
crete 11urlace course, M 79-31. However, each. of th~ 19 
!IOmewhat lacking in desirable flexibility in that only two 
SPR a,urepte 11i.1ee are provided in eacl\ cue. 

•Ti..• ..... -·.....,, 
Jlia4-IP"'IM So. 312 IA. 10 I 111.1· "',.,.n._ l'Wllll t,.. 2411. fte•e· 

1M.m ISPR 19-411: 1111-ltll l.\A:fllO M -91: il>-100 • .\.iT:\l 0 ..._141. 
!Ila -.z dM So. fr <&.I-IA. IO So. 41: Per .. ai:.o.n i-1111 tlllll -"-Ill. 

..... , i!Htll !8PR 111-411; 11>-100 1.\:ITM 0 ..... HI: 9&-lllO L\.\illfO 
M ... ll; 9-4• (A.\llHO M tf.411. 

TaW. S.-AA.SBO utt1 ASTM ... c1 cr-dla11 ror portlaacl 
c:emeat eoaere&I 

.\.A,iHlO 
).( t-Sl 

100 
1111-100 
'lll-100 
; .IG-46 

~ 
I lo-.10 
''l•IO 
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tecerr.ber 23, 1980 
Appendix B 

E.2.4 Instru~entation Calibration Verification 

Provision should be made to allow for verification of 
the signal conditioning instrumentation calibration (to 
account for the effects of zero and gain drifts). 

Ge~~nl Requirements f~r Calibration Signal 

The minimum acceptable facility for verification of 
conditioning instrumentation is a calibration signal 
subsystem. The calibration signal should be provided 
from such a source and in such a manner that there is 
little likelihood of variation in the calibration 
signal itself. This assurance then permits the 
operator to make adjustments in the measurement 
subsystem gain to offset the frequent small deviations 
which occur due to changes in ambient temperature and 
other operating parameters. 

Force Measurement Calibration Signal 

The most straightforward technique for providing a 
force measurement calibration signal is to make 
provisions for switching a hiBh quality shunting 
resistor of known value in parallel with one arm of the 
force transducer strain gauge bridge. This induces an 
imbalance in the bridge equivalent to the application 
of a knovn force to the transducer. The resultant 
signal is sufficient to verify, or provide means of 
adjustment for, all elements of the force measurement 
system forward of the transducer itself. 

Frequency of Use 

Instrumentation calibration verification through use of 
calibration signals should be accomplished at the 
beginning of each day's operation .after equipment war~ 
up, at intervals of no more than 2 hours when the system 
is in continuous use, and upon the renewal of operation 
throughout the day after any period during which the 
signal conditioning equip~ent has been turned off or 
the unit has been allowed to stand without use for 30 
minutes or more. 

B.2.5 Check List 

A check list should be available to the crew and should 
be used prior to the beginning of daily operations and 
on any occasion during the day when testing is 
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15 not. bv any meall9. tbe only desi~ factor for the en.ding 
bands f~r bitullllnoua 1>9ving tn1.nune, it h.u b&d a 
predom.inatin1 inftueoce. 

The· :ieeond desil!;n 9tep for bituminous pa~;ng mixtures 
consists of either determinmc or estimating tbe llppropr1ate 
amount of bituminoua binder to use. Here aaa1n prl\ct1ce 
h.is bf.en establi!lhed on the ba.sis of PXpt'ritmce llnd jud2· 
nient in ;ome c11o.:1es while Wt>ll ~cabli;hed laboratorv 
proc .. durt's. bas .. d on laboratory and field r .. ,,; .. arch. i:tr~ 
-. ... d "' 0th .. r• !11 t'i .. lattt>r c~se.~~1om111,.trn11; 
(n~Tor •it-'~~:n 1 '"''C I tthte\c In' m 0 i'P!llWH '; Tt'>htitd to 

.ien,ttv Qr •f?"'cdicaJI,· :o the ,·01d ;pace~ a\·atJable for 
hH\~h·t' H\ '~t' r•qmp4t"~t-1<l .. uzgr~2a.t~ ~nd th~ t&t°!'""Ct u( '>'• t!r .. 
till;r.11 .Jr 'lll•i .. r:illin;z :h""" ,·01d~ 011 •hp -r,1hilin· :tnd 
weather res1Hance of the olastic oann& mixture. 

Portland cement conerete 

T'it> . .;1111ation ,,..ith rt>l(ard to pon:land cemt>nt concrPte 
d.-,-um i~ qu1tP different. The design controls !or t"oncrete 
1n prt>$ent-da~· practtce are fins;ness modulus. ceml'nt 
factor. :.md »·ater--ement ratto '''tth The CPmPnt factor 
:lnd w:i 1 .. ~-ct>men t rs.uo b,.1nll' the primary varut.ble~ •1:1Pd 
rn al'~i1111111a for a. ~~ciht 11tr1'n1Ctn rllllae-. the tl!'ment 

factor and water...:ement r:stto mzty :1.!SQ \»' ve1r1t!•i \o >vm .. 
t'lltent to lllJ1>ct worlit11obility ll8 m .. tt.<1ul'!'d by •h .. •l'lmp '."•t. 
with plaeticizers betnl!; 11l!E'd occa111011ally to 1mpr0 w 
... orkability a.nd :SU!'n~h. From the pract1cal •ta11opo 11 11 
of lield control. no ace factor "° !!.dve~lv -Alf.,l't.; the 
•tr"nl!'th :rnd un1form1tv of the concrete as lacK of control 
ot watl'r cont,.nt. The proportion~ are set up on th!! ou;1~ 
Qf la.borlltor~· trtlli nuxtures. lltilir.inll the iuurrel!':.t.IP~ for 
th" ~p .. c1fic job 1rnd taktnll mto co11~1d .. r:itio11 ;11ch factor< 
:lS part1d" .<hap .. anci •urfa~e tt'-,;tllre. :1h•orpt1011 .. rn<I 

•>the~. Little or no 't>e lS madt> of toral i.tr:id111i.t h:u1cis 
that mtl!'ht b .. :!t't up on th .. b,..,,,. of <fen~11~· or •)!n•·~ pos­
•1bl1> d1>~111:n ht.t'tors rdatt>d to o» .. rull i.tr:idinll. 

Th<' prat'ttce of •ettina •1p th., nuxtur,. for "a"h job 011 

the b1M11" uC laboratory tt!'~ts 1.; follo"'·,.d for r"a~ot.~ •>f 
practicality t>ven thou11;h. for man\· v .. a,.,.. r•·•~ar<'h w;1~ 

conducted to <ie~·elop the rl'latio11~ b..c "'""11 • h ... 1 .. 11sn v 
of the aagre11:ate. M inftuencPd by rhe .ir:idtn.i . .A1ui th~ 
quality o( concrete.• 

• lteflND .. II made to tlllll "'9Ntril &lld to ,,,. !'t'lauol\I "''Stal>llShP•t '" 
.1. rr..,...,"' CM.erdl. PMJ• <11W1 &tlllfl'Clll. or r. w. T•;·tur .i.nd >. £. 
Tlloml)IQD. Jd tcUtioa. me. 

Table 7.- Compoilicioa ol upbaJt pa.Tins mi1u1rH (from table ID. AST)f apeeileau .. tor bot-mind, bot-laid upbalt 
paTin1. Deili1aado• D l~SIT) · 

Soauoal miutmum.,. of --

2-ui. l'T!A. So. t Xo. I 

OU.Ol:-00 OF TOT.,L AOORl!:GATI!: 1CO-'RSI!: PLt:il FISI!:. PLl"9 FILLER lF Rl!:Qt:IRl!:Ol· .,~Ol"ST8 FlS!!R THA-'" IACH LABORA­
TORY 3lEVE ,3Qt:A.RE OPl!:SlXOl. P&.RCl!:.'IT>.O& BY llilUGKT 

~'+Ill •.••• _. ____________ ·------···-------· lOO •••••••••••••• : •• ---·-······) ·····--·······:···········-·····-----·· •••••.•••••••••••••••• -·- •••••• -- • 

f: ~iii::::::::::::::::::::::::::::::::::::: ...... -~ :~ .i .. :: ; ··-·-----iii"i ::: ::::::::::: :::::::::::::: ::::: :: :·::::::· ::: : :::: :: ::: : ::: : :: : : : : :: :: 

~::~~ii"i::~::·;·~~:~:'~~~::.::::::::~~:~;;;:~:!:::::::~:i·······~-::::::~~i::::~:~:::::;;~~:. ;~;;~;;;;:~ 
""· '=···········-----··-···············-' lo-41 I ICMO ' ·~ i »-Ill I 25-11 I 31-4 ' 96-100 ~100 
~~: i:: ::: : : : : : : : : :::::::::::::::::::::::: ::::::::::::::! ::::::::::::::; ::::::::::: :::!: ::::: ::::::::::::: :: : ::::: ::i ~::: ::::::::::. ::: ~-.>: 
~o. !O ••••••••••••••••••••••••••••••••••• ; 1-\11 a-1• l 1->11 I Ml; Ht Jl ... : T"'40 • 4._TS 
~o. 100.j ···-····························•··-···········1···············. ········-····1·······-····..; .............. ••••··-······1 !,:1110 ',· ~ 
""· JllD ·····························-··· H ... ! 1-7 M I ... ! ,. .. I • -

.UPRAl.T C•M•NT. P&&CSSTAO& !IY WEIGHT or TOTA.t. MlXTt'&&• 

l'C'OOUTSD COABS& AGG1ll0ATE9. !Pll BUSS 

: nor ellor 
l land&. 
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.4.ST.ll Grading Band• for Hot-.lliz A•phaltic 
Pacing .llU.turf!• 

thr~ie -;and crra.dinc! ror httll"1UHJ11~ W()ft\,. \~T'.\t ~..1~ .l..~Q 

devl!'!Opt!d a ,;ynem of 11rs.dm11: ba11ds for eomo111 ... 1 cu;,ir:;e. 
fin". a.nd fillt>r a.1tue11a.te~ for ~and iuphalt. ;nt>t>r a:'phalt. 
and a:;phaltic concrete. The~e 1tradm11.:; arl' pri>st>ntt>d .1• 

!ahle !II in .\ST~! Standard ;Spt>dticauon D Ltlt:i:l-.i~T. 
T\.i,.y ar .. r .. product>d h,.r,. m tablE' 7. 

:\~ already indicated. den~1t~· has be<:"n ltPO<'raH•· •il.s· 
carded :is a direct design factor for portland cPmPnt ~on­
cr,.re hut not for b1tummo1111 pa,·in11 mt'l:tttr,.;-· ~r· 
1~1:dy wttfi the "'·ork done recently 111 de,Wpmll a :iet of Th., ;amt> ,nd11;;tt~· and co11:;umer repre~entatn1:~ :aa: 

6 

, 

LOGARITHMIC GRADATION CHART 
SIEVE OPENINGS IN INCHES 
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..... ~r" ;:irµ' 10 ,.,i-· ''"""'<l -''-"O p .. ruc1pated m thill dl"velop­
'll"flt. The \ST\! ,·ompo~1te totr:i.dml!;! of table i ~ 
nade 'lP from SPR l'OU!e "J!:!lreiu.tes and thl' A.STM 
<and~ ,.;1d filler prev1ou3Jy described. They are thus 
full,· comp11.tible with the SPR 3ystem. They have 
ex1~ted :i.~ AST'.\l T~ntative '5ta11dards for only :2 ye11.r5 
Jt:d wPr .. ;et np ,.·nh the full re111i:z11t1on thlit they m11~ht 
'"'!'"r" •umt' r~v1;wn in thf' liirht of exp»r1eoc1>. 

'.'iew iiradaiion chart dueloped 

r· rr ..... nri::.i tn•· .ir:tph1c:.1l mat.,r1al that '" to follow. 
........ ·~'.\·~~· .,f .\ ~1. 1 \\ .:::i(L\ttun i..·han. rll"V\,;..,.f'i by th~ Bur~'1U 

.,( l":':i"· llva•!,. !>a.····t ''" , .. f:tt1un, .. ,.tahl1:<hffl hy L. W 
'\,Ji., .. , A 111 .. :'\,-i~ .. rtand< D .. n•lopm1·11t of tt>t' chart 
:- ! .. -.·rih ... ! Ill d1·ta1i tll •h .. companion articlt' 111 this 
r , 1~ I ! t• " : ~~. 

(11 ::,.. r>kHt1n1C method now W:t'1tPr11lly 11sed. l(radinl!is 
,,.,., :;;n•· pron•d to h .. hui:hly compactible. a.nd hence 
.1 ... 1~:i.h1 .. """ 1·1rnti11c1,·e to •t:i.b1lity and resistance lo mois­
' llrP >!'11 ..... ,.[~••r!fll{ 10 0l{UIDlnOUS p&lllO(I; mixtU!'t'!I~ 

.1 ·!o""""rr1 ··11r\'i11w: :;ha .. ,.·t>ich is IZP.nerally a.i;trt'ed to 
:1ppmx1111:i.t .. •h,.. l"11rv.- •hown in figure I "re, the 
''i•r"fil·'11 -~ak 1.s arithmetic and «how~ total perC!!nta.l!;e 
ra.·~ll•li: the vanou~ >tt:>\·~. while the horiiontal scale 
r .. pr»'"'llt~ th" lo11;ar1thms of the ~1eve openin~. 

T~t-> .qmpl~ ~xprdient ()( 11;ing (gr tbe twri!(!nt.&J. tea.le, 
th ... ,,., ... ,p .. ntnp inchs or mtllimet('Ml! raided to the 
0.-t.) puw ... r. converts rh1s p1t,rtir11iac curv• rg ' ;:;traicht 
It~ .. pa..>inQ; :1t 1t~ fo,.·er left "'l:trem1tv through iero per­
~entfor :rn 1 ma~rnarv :<1en• ha•·in •er -siJe o nin u 
•hov.-n , n ngur€' ;.. • f coul'!e. l(radmlJ curvee havin!J 
,.1ther :zreat .. r or IE'll:I curv:i.ture could be 3imilarly :itraich'­
.. nt'<.! by 11~inll riift'Pt!!nt f':ttponent.11. [tis believed, however, 

100 

ao 

10 

GRADATION 

SIEVE SIZES RAISED 

that tl.ie eurv .. of d11;ure 1 lind 1t.0 corr..,,pon<J.in11; .t~:i.ui:!lt­
line equivalent, ft11ure :.::, represent! verv nearlv sn 1d1:sl 
g:radin4 from the ~tandpoint uf density. Both resesrch 
:i.nd expenence indicate that the ma.umum particle ·;ize 
of the l!;Taded 3.1Jgre1fate does not 11.tfect the shape of the 
maximum-den:1ity curve llO tb&t the nraight-line principle 
usml!i the e.~pone-nt 0.45. ur other bll.iic curves and cor­
re~pondinl!i "Xpont:nts, '1pplie5 relf&rdles.s of maximum ;ue. 
The convenience •lf this de"1c~ 1; r"!l.dily_app.tl.Ce.DJ. . .:iJ.DJ.':e 

1t reliev .. ·,; thus" eonc••rned w1th_.i.;;llhll.J.t. t.ec.hnolo1{Y ,,(the 
nl""d to rememb€'r t ne t:xact •haoe qf ·1 soecqic ~11rve<i 
Ii~ 

Problem miztarH 

In recent ye:i.rs 5ever3.l :State hil!;hway dep11.rtment' have 
reported one or more instances uf difficulty ~-1th b1tummo11>1 
concretes produced under their 0111·n current <pec1tica.tion:1: 
the mixtureis were hard to comp11.ct and rem:uned "tl'nder" 
for some time a.Ster rolling-that i:1, they WPte ,;low in 
developing .it&bility. Others have rPported motance>1 of 
~plotchy pavement .iurfaces where moisture ,..:i.:; present 
in the a.wepte. Some of the~e ::!tate~ ha\·e ;upplied 
information to the Burt>au of Public Road:1 "" to the 
~g:re11ate g:radinir.s that produced the>1e unsatisfactory 
mixtW'81l. 

It nu been noted th.at, in nearly 3.ll cases. these itradinir.i 
were characteriJed by a rise or hump in the grading 
curve, when plotted by the new method. because of 
disproportionately larlJI! quantities of finer >1and fractions. 
It wu further noted that the unsatisfactory mixturt!!l did 
not contain what would be considered el!casive 11.mount.11 
of liller, t.he fraction puainl!i the ~o . .!00 !ieve. 

ln l 96 l. tbe 81.ln!au of Public Row conducted a 

CHART 

TO 0.45 POWER 
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; .. b<Jr:s,torv ·t'Jdy .,f '.hi; <p<!<:1tic problem aod ut1liad, for 
:ne tir.it umE'. the nt'•" method of plottin11: gT&din!f.! to 
(11.cihtate mterpreta.t100 of the resuJt.s. Some of the result.II 
.,( that· stud~· a.re ~hown l!'raphicl!..lly here because they bear 
directly on tne problem or l!'rading control &i1 treated m 
thu1 report. They r.re Cully reported and discussed m the 
companion 11.rdcle in this bulletin. 

.\mon11; other thm1P1.· the ~tudy ;howed that the la.bora· 
•nrv tt':'t re,1iits 1.-Pre cons1:!tent with the •m~ati~factory 
··~P..r1 ,.nc., r>'ported by the State~ <.>n the problem m1:nurPs 
dt>•Ctlbt'<i 

A~T'.\f cradincs need further su1d1 

Thi· .\~T:'-t .cr:.di111.c band tor !-inch maximum ~tze 

, .• p'.':;.;!t1c conc~ete " •ho11.·n m ril!'ure -l ;..,; 11lustr:i.t1ve of 
In .. ;.,i.tnt ·ilt'~ CO\"t>rPd by .\.:5T:\f 5pEc1fication D 166:3-59T 
.. n<! pr"'"nt.-d in table -; .\!so ~hown in fil!'ure 3 i~ the 
•tr:mrnt · dott<-cii lln~ tha.t 11."l>Uld re>present the max1mum-
1 ... , .. 11 v u:ra.dinll: 1f it Can be 8.'!8UmE'd for this purpose that 

r n .. m":<x.imum ~ue for P.ach ~radina; may be arbitrarily 
•·•t.,hli~herl b•· p&.'4.~mg the strairght line midway betwe>en 
r hf' •1ppt'r :<nd lowe>r band limits for the largest oieve 
h"' VIII!{ hoth valuei! shown. 

F11i:urt>s ~->i "'how tht> &Qlgl"!'a;ate !f?'&dinl!'s for the problem 
rmxturf"~ prPVhJusly rnf"nt1oned and thP relallon <lf tht>ir 
llrlidll•Ql:!! to corl'"P~pond1nl!: AST~t a:rad1nl!' bands. These 
m1xtur""· ..-hich provE'd tender in the field or were> :;plotchy 
when laid. ,.·.,re found to be lo•· in stahility when dupli· 
cated and tMJte>d in the laboratory. The two ... i .. tul'ft 
•ho111m in fil'Ure:t <l and 5 are represeotati\·e of ~eve~I cases 

GRADATION 

m wtucti the ~Ute~ M>pon.ed the mnt•ll?.:! to bf! · ... nder 
dunnli con~truction and for con~1d,.rs.t>le p<'rlo4! .. rtn 
rollinQl. The munure i1hown m !ia;urt' tl repr-nt~ "'""•al 
Cli~etl wherP ~ptotchy paveme>nta ha.11,. been not...:1. 

Since two of th~e typtcaUy humped uadmH fall within 
the upper band limits of the eorrespondina: .!\.ST:\t llrad­
inll~. ,.,,.n 111 th.- c•ra1cal. tint> !!.Ind zone. tht're •~a ~tronll 
rndica.tt('ln that the upper band limit.s of the A;:iT'.\f ~radina; 
•puc1fiea.t1011s for ;.;.•ph11.ltic concretl' n .... rt 1'-0ffiP '1011.·nwa.rrl 
;,i,rlJ11stm ... 11t. at 1 .. a,.t at th.- ;\o. :m and '.'\o. 50 •1o:;\'•·•. to 
further r<>~tnct the fine •l!.nd. How"'"•r. a. ri··fit11tP 
r .. c.omm .. nrlation ill thi~ <p+>c1fic m"'ttPT must a.ll'·a1t f11rtht>r 
-t:irly 

Ba•ic Purpose of SPR Sgltem 

Th .. line of :lrl!;um1mt tnOl!t !re>qu .. ntly •1s1>rl by tho~ .. 
opposma; ch11.n1te.s m aradinc control •~ th11.t tho•\' a.rP 
fa•ruliar 11.nrl :i.tltisfi"d with what thPy are 11~m11: l!.nrt that 
th.-y do not need or want new Qlradinu:s. This pomt~ ••P 
the ne<>d for a cle>tLrer uudel'!tanding; of the> b:1sic purpo>" 
of the SPR scheme and of the eue witb which any d!!>!ired 
Qlr&din( curv .. or band can be convened from one oie>ve­
~iie ~11>1tl'm to anothe>r. The well !!!tablished 11.nd f11llv 
valid~ted a:raphical 'con YP!".'lion method is illustrated i~ 
figure '7. wh.ich hu a loa;arithrruc horiiontal scale. The 
equivalent :!ltraia;ht line> chart. e:ii:ponent 0.45. ill sh.own m 
llQlUFe 8. 

In th~ two illustrations. an &U:lfl't'l'llt.e nadation band 
t"t'll;ul.uly ~pecUied by one or the State highway dt>part· 

CHART 
SIEVE SIZES RAISED TO 0.45 POWER 

8 

eo 

10 

ASTM 

• 10 
4 • 

_ACTUAL GRADING 

ASTll LOWER LllllTS -

..... 
I 1411 

100 

90 

80 
<.:> 

70 !': 
fl) 
fl) eo: 

50; 
lo.I 

40~ 
lo.I 

30 Cl. 

"'un 4.-A11NfCt• 1rattUn1 for• 1/4-lNt:la noml-1 mutmum .U. mtstun MMAllAfld. 

... "'•""""'· mu. 

4.8.ll 

Arch
ive

d



100 

90 

80 

z 
~·c 
:% 

:i'. 30 

20 

10 

GRADATION CHART 
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LOGARITHMIC GRADATION CHART 
SIEVE OPENINGS IN INCHES 
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.,1.,..n t.::: .ti ~·on, .... rtrd. fr,>m • h ... .;t ... \ ..... .,1ze "4~·1111;tem trJ.dtt1oniH:r· 

.,~ .. ct by tht' ~t:ite to :h., ~PR >lf:'\"P-SIZt' ·y~tem. The 
·.'urri>spondinu: tabular loltadmu:s ;H~ >ho,.·n on the chart~. 
In ms.Ir.ma: the conveM1on. no cha.n11P ts 1ntroduc..d in thP. 
,hape or placl!ment of the band lin11t,; and it c:>u be stated 
with contidttnctt that an a11:~rP11:atP pro1iuct'd to conform 
with ~nh.,r. "'ill conform to the other. 

\'.ir ., 11 [\· r!o th"~"' ilhi~trations r11•mo11,tr:H~ th•• .-a~t' ;;nd 
,. 0 .~,_. ... q 1 ..... r1~··1 ,If r1Jt1\P!"'t1n2 otht>r llr:.i.d1r1~ .. 1.; .. t~·rri:"' to thP 

.'PR .,.1,.·:i. <>r ,·u'.lln'•!lt la1111:•1aic.,. C1•1l ~r!ct1t1011:dlv. th~,. 

: .. ·~:1> 1 : ... t:-:d•· t:'.;.i.t ~!"\ .... •.'Otl\''"~c;;1on 1 ~n ...... 1101 t?l\qh..- 1.'h:.lll~­

. ·"- · ~:,· p.1r· w!... 1bt r1r,1:~ 1un · ·i _, -p··1:1fic. -i1· ... uc1•Pd. tH 
1·· ... ~~··,1 .\~ll:".""~:lt·· 

[ .. -~!u :1J ht' f)•Jll!t•·•! •)lit :fl''."':.!.'"' :1)tl! 1 '"'t'!iOO th.:lt th~ :t"t-1 

.if ~r~.,.. ~PR ... 1 ... ·\ .......... n.-. ... i1J ··\µr ......... t1.Hj.l 11trad;.S.tw11~ . ......, 
f. •r ··~.i.mol ... I' ;-1nch max111111m •IL" •o \o. :.!Oil. r'o .. :; not 
~.--·:~ .. r r.:i.t •pl'r1fic de:;1rPd itr:idin~s can always be made up 
':•>''1 c•omt1111at,.Jl1'• <>i -r;;udard :"PR 1111mh"r"d :UUH"ll:11te 
fr:n"iun· "'Ith .\.:5T:\! ,;ami .Lt1rl. fill,.r. althomth in 11orm11l 
pr:1~: 1c,.· .,,,.h •ll •tallun" •houlct bf' cnmpa.rativel:; r~rP .. 

( : .. o ... r:1llv. :nt> ·am .. rr .... dom to modify 11:radi1111: band 
co11rrc>i limit>' ,., ··xploit fi,.ld .. 'l:p.-r1en''" or th" ti11dm11s of 
r .. • .. :.1rch 1• (fl r. .. r .. !H in t hP -t;1.nd.1r<iiz,.d .,.h .. mt' pr"""nt"d 
h··~ .. .l<i ... \1.t.• 111 tn .. !ll'ilt1pilc1t~· •Jf :O:t,.t<' •p .. c1tic:11101·- no"· 
:n .,,... T!1 .. 11 .... .j for -ome •it!ll~<'" •lf fr,..t'<lom 1n th1; r">'pt"Ct 
:• f•1Jl•· ~"rOU:lllZt'..f. 

Hu"'."'""r. ·1 hi.• phiJo,;oph~· •:an11111 1 .. 111um:i.t<"ly tw 'l~<'ri to 
j11:'tlf\· th!' kwd of trivia.I rtiif,.r.,rn••-, t~at acro111:t for a 
lar111' .proportion of th,. hundreds of au:llre.i:ate 11.radatton~ 
appearrn11: 1n .:5tat" •p..c1fk:u1on;:. 

Recommended Course of .4ction 

Tht> :;tud~· which i~ the ~ubject of thi!!' r-port wM under· 
taken for the purpose •)f (urtht'rin'!: the three objeeti\'1!5 
mentioned-<irLitic reduction of ·;u.nd&rd" jfradations. 
:\11:r~ment on ~1e•·e •ii<'!!. and ~reement on a uniform sys­
tem vf identification of standard lfl'adatiollll. Because of 
the inherPnt liexibilit~· of the SPR :>cheme, coupled with 
compatible ;and and filler ;pecifications now available u 
.\.\:5HO and A:5T:\[ •tandards. it l.!I believed that a large 
proportion of the many ~pecial Jfra.dinlfS now appearing 
in ::itatE' -;pt>cifications could be .. liminated. tht'reby achiev· 
inq important .. conomit!S in highway co!llltruction. In 
many ca.;e,i, tt wo11ld vnly be nece-ssary to convert to the 

-

:5PR Handard •1i;vp "'"""· :.I.' di i.·a:.1: .. •l 1:: "!.r·.c··· - .c.J '· 
and to ·~!tt' .::IPR u:radin11: <:1es111:nal1vn". 

A desirable co11~e ,..,r action :i.nd '>n~ rh:tt ,, ·t~,n11:1'· 
recommended for impl.,mentation by th" .\m,.nran .h.-~. 
ciation of State Hiahway llfficta.ls is •''""ntially ..1• follol\·~· 

!. Elimination from individual State -'Pt!Ctticauqn,; ·if ~11 
•ieve "~""that arP at v:iriancP with th•J>e •irfic1a!l~· .tdopt .. d 
hy :\..\::'!H• I and •llbotlt•Hion rhn.,f.Jr ·if co11iorm1n11: ,,.,,.,. 
.,~ .. ,. This cu•lld rw '1011,. ~ci.-ily ri.'· '1tilit1n11: tn-' m"tnort 
11lu:'traCP<i 111 ri11:•ir"• ~ :rn<l ' T!w n•·w i.:~:.1di11u; t.thlt•,; 
would providr• th" •a.mt> 11:r:1dai1on• :.1, (ntJ•" pr .. ,·1011•1\' 
-p .. c1tit'<f . 

.!. Elim111ation from 1ndi\'ld1tal :'t:n .. ·1wc1ric:11i 0 111 , .,f 
•ith ... r 1lr.:idat1()n rPqu1r~m~nt"" not t·1Jtir"11rmi:1i.c Yq .\.\~H11 
•ir ~t'lat•.•d .\:iT'.\l •tJ.ndarri· t1, th" m:.1x1rn•1m prac:,c.dile 
"~!Pnt. 

:i. Rett'ntion i0r •J.•e. a..; ,p .. c1:.1! prO\J•t"n· ·•r ·•1ppie­
n1ental specttic;.Hlon:-:.. c)f .... uch ~ortc1nli11t!TH1.il il!'".l1L1.tr11fi :-µ .. 
quiremenu '!'3 may be ju~tifiL·d. 

Standard• Now Recommended 
The followin11; :\..\:iH•I and .\ST'.\! ,ran•! ... r'1, .tr~ ~~com­

mended for 11ent'ral •ise b\' .. 11 !'\111'.h wa ,. ·J•·nan mP'.! t" 
l. .\.\:iHIJ '.\t U-49. ,;,u1dard •It .. ~ •;f ~'<Jar'" a111zr••11at~ 

for. hi11;hwa~· cun~truction. 
:.? • .\.\SHIJ '.\[ ;,Q-.51. coar.;e aure11::itt' for portland 

cement concrete. 
:1 .. \.\SHtJ '.\( f).-.jt. fine a.11:are~ate for port!a.nd cement 

concret<?. 
~ . .\ST'.\[ D li92-59T. coam~ a1111re11:a.tP for b1tum1nou~ 

paving; mixture,.• 
5 . .\ST'.\.[ D 1073 ·59T. fine ;i.11;11:reJ!:at" for h1tuminou~ 

pa\·ina; mixturl!S. 
6. A:3T~1 D :!-l2-5iT, mineral filler for •heet a.sphalt 

and bituminoui1 concrete pa\·emenu. 

In addition to the abo\'4! ~ix ;tanda.r1:s. th" follo1101nf!: 
tentath·e !t.and.ard is recommend I'd for •1 uliy. pu,o-1ble 
revision. and a;ener&.\ use: 

i. AST~[ D 1663-59T, hot· mixed. hot laid .1.Spha.lt 
pavi114 ruixtures. 

• ReQWll!ll 0111 "'<'lllon tor lldoptU>Q by \.\.SHI) to oontorrn :o \ \.>1{0 
'-t G-411. -IJ tor llClftC*la So. 1 ~™' per.,.nt-• p...sm• :~• ~·tt\. ,..o 
....Wd baft to I» cll.altd ll'om IJO.IGO t A:!T :'>!: to o/.lo-100, .1o$ nov. '•·1u1"'1 :n 
.\.\:'lHO!I(.,._.., 

ll 
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The third appro~ch is a compromise in which the pipe is wrapped in a 
filter fabric and the trench is backfilled with a filter aggregate or 
coarse sand as shown in the bottom sketch of Figure 6. In this 
approach, the aggregate acts as a filter keeping the fines from clogging 
the filter fabric. The coefficient of permeability of the filter 
aggregate material varies, but it is generally much lower than an 
open-graded aggregate backfill. 

PCC 

COMPLETELY 
WRAPPED 

• 

FLTER 
FAINC 

AC 

;;i . .r~ 
-, ............ k,: 

PARTIALLY 
WRAPPED 

AC 

FLTER 
AGGREGATE 

Figure 6. COMPARISON OF EDGEDRA~ DESIGN 

It is pointed out that in all of the approaches any erodible fines in 
the base course will be washed out. The difference in the approaches is 
the manner in which the fines are handled. 

It should be noted that there is no way to prevent a filter adjacent to 
a material with a high percentage of fines from eventually clogging. If 
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.,f •1e,·p ;1ze;; '"'" fi.:c. 7 :n '.he precedinl!' article. p. l0'. 
Thls cnart. '"htch w1U be referred to heM!'after ·~ the 
!01!'.arithm1c gra.dat1on chart. ha:; had wide u~ for '!Orne 30 
Y"S.~ and ha..s pro,-i•n \'J.luable in lllustratml!' lndividue.I 
l!'r:i.dations 3.nd determmin11; their position relative to :;~d· 
ficatton limit~. This t~·P<! of chart. howev .. r, has •>ne 
•:u:ndi.c:rnt di;;ad\'antal!'e in that 1t •hows a maximum 
.i .. :-.~H, . .zr:i.danon :u a deep!~· sairirmir cur\·e. the •hape of 
\\'~.1ch ::' bar':! t,) define. 

T" prrincie " "'"""r means o{ rPlatinu: :ict11:i.l :J.IUl:l"'U:atP 
;zr1dar,un t•J cn..t\J:l~•1m 1.!en.1tv ii:r:i.rbtlon. a :1~w chart has 
~ ... -r. !e\ ,,,..,j ::-,· ''·'" B•:r•'::llJ <Jf P·1nltc Road;. ThP hort· 
z,_,nt.J.i •1·:dt:" f.ir ~:-i."" ... ..-\· ... ~:d '"\t->\t-' 'Ut".; of th1;; cha.rt ~~a 
p1>w~r f11ni..'t11>U :at:-'.··: ~:-.an ::-.t"' lu.t:.J.rtthm •1( the :"-le\tlill 
<·p,..nlr.11: :n micron:<. The ,.,.~1c:il •cale 1; :i.rtthmetical. 
'~" -.,rn,, "' for tht> lol!':i.rnhm1c chart. ..\n 1mpon:ant 
f•:>t'''" .>f rh .. nt>w chan: 1$ that it pro\'ide:; for a zero 
• -.... or••:cal ·iew ·tze. Thu~. for pr:1.ct1c:1.I purposes. ail 
·Traarht liu~.• plotted from th!' lower left corner of the 
ch.~rT. :.11 z"ro p .. rc,.nt pas~inir zero· theoretical 5il!',.,. •1ze. 

11pward :llld toward the nght to :lny s~cific ma~1mum 
•iz~. r"pr .. ,...nt ma.umum ciens1ty gradauon~. Tht> .,~­

P•>nPnt »f ih .. po"·n function i! 0.-45. i.e .. the horuonal 
•t':lle rPpre-!enU the \':l.r1ou~ ;ieve openinlJS in mlcrons 
~:l.l~E'd to the l).~5 pOW\!'T. 

Backsround or de.,elopment 

Tht> ""'lection of tht> 0A5 "XJ>OnPnt wu bued on re11earch 
~rlormed bv L. W. :-:ijboer <Jf the :Setherland:1 and tint 
publisheod in l!H1P :Sijbof'r •l!ed a double 1011;amb.mic 
l!'r:1.dation chart in :.i 5tud~· of tb.e inftul!nct> of &IJgregate 
&;l':ldatton on mmeoral voids. .\ll gradations ullt'd in hill 
study werP l"l!'pre!ented by str:1.11Jb.t line:il, with ,·arious 
~lope!. when plotted on b.i! ch.art: the vanation in slope 
11."!tlltin&; from ht! U!t' of 51'\'P.fal different ifl'ad&tiona O( the 
~ameo ma:ttimum ''•·inch1 Hze. :Sijboer made two :ienes 
of teost! on Mmpacted bituminowi rni.:rtures. usi.nlJ rounded 
gl':l\'P.l for the coane alJgreip.te in one seriH of tests and· 
an an~lar crushed stone in the other. ~[ineral void& 
~"'"' determined for ail of the mixtures and were plotted 

• Plu1 .. 1r iu G FGttor 1n ~ Du1ri of lHflllt Bilu•,_ Retlll. Cat!IWllt. b1 
t. W :-0:11bc>or, F::~~•~r PuhllllllUll: Co., IMI. 

SIEVE SIZE 
ltQ. 200 lt0.11 .... 314a 

CD • ' • !l 2 IOO 
Ill 
Ill : 

I ... 
z ioji .... 
<.> : a: 
II.I 

; A. 

"" ~ 00 c a It :I: 
' . ... 

iE 
c 
g-1 0.1 ... 0 I 2 3 4 5 

1.0GAltlTHll OF SEY( Ofl!ll ... • MICMlllS 

Fi•ure 1.-Mcztnu'm den.Mfr rnrdatlo" ploUed on. a 
do u bl• lo• c luirt. 

~a.inst tb.e ~lope! •)f r.he <tr::rni~t i1r.~ .tr:.1d..1'.••Jr: "1:v·"L 
For both types vf coal"!!t' J.1!'.i;re1ui.te. :he rn1r.:::n~:n :nm~:il 
voids. or ma.'t1mum ll.l!'gt'"ll:ate •lt>n,;n,·. •)Cc11rr,.·i for J. 
i;n.da.tion b.a.Vtnl!) :i ~lope of l}.~3 •rn thf' ·ioublP :ou: ch.i.rt. 

Fi11:ure 1 sho"'~ rh1s ma.~1mum densll\' 11:radat1on for a 
1.-inch maximum ,;1ze :i.11:11;rel!::i.te plot~ed v~ :i. douhl~ loi; 
chart. The ti11;•ire :i.bo 1llu;;rr;.1te5 :i maximum rfer.:;1ty 
cur\·e for a a;r:i.da.tion with J. maxim<lm •1ze it"S(ll:n:lted :i.~ 
.\[ micron,;. for thl' follov.·ing di,cu:>•1on Ill which It is 
a~~umed that :ill ~naximum den:;1ty ··11n~· ;:,,,, • ..1 •l0p .. •1f 
IJ.~5 OQ the •f01Jbl~ [•}a; c·:iar• ""ll3rdl':'>' olf :n:n11n•1rn •Ile. 

In dev.clupml!) t'.ie .:qll:lt:vn i·Jr " '.11ax1m1im .j.-:1:<lt\' 
curve let: 

.\I= nl~.:'<!n1•Jrn ·'lZt1' 1;f :.itl~fP~:.ltt" :n ".t:tc:r·)n' 

S = ...:1z~ «>f 1)pen1nil f0t :i partrc•dar .. 1•·\·t-1. 

P=perc~ntal!)e pa,;1nu: •h~ p;.LrtH:•11ar ·l<'"'· 

log B=intercept on \'ertit':i.l :i.~1,; •Jf th,. "h"'' 
The general equation of the curn• t": 

lo~ P=lov: 8 -IH3 l•Jll: . .: .. ......• l 

tJther equation~ are: 

lug 100-iog B=O.~S .loi; .\/-iog 11 : or 

:.?-log B=O.~S loi; .\l": •>r 

loic B=d-0.-451011 JI. ............... ·:.?. 

:Substitutini; equation 1 :.?\ in equation l • we ha,·e: 

lolJ P= .?-0 . .\S 1011 .\f-0.~5 loir .":or 

lo11 P=2-0A5 flog .')-lolJ .\/ 1 : or 

( s ')? 0 
p,. 100 .\/ ................... - .•••• - 1.3) 

The exponent in equation ,:~1 1~ the one <J~ed in de!!ll(n• 
inlJ the new 11:radation chart. By the 11~e uf loa:anthms. 
the ~ize1 ·or su~\'11' openinip in m1crolll! werP. ra1ed to rhe 
0 . .\5 powu. These va.luM were then employed w11n a 
suitable arithmetical scale far o!stabli:!h.inl!' tne horiiontal 
position of each ~•eve. The procedure is 1Uw1trated for a 
feW' Of the sieve Siles on DtrUM! :.?. 
Fi~re 2 a.l!o illustrates. how !tlll.xunum den!ity l!'r!!.da· 

tioo ia indicated for a gradation havina: a maximum ~iie of 
.lf micro11.1: simply by plottinlJ a ~tra11!'ht line from the 
origin, at the lower left corner of the chart. to the :!!!leCtt>d 
maximum 1ize at the top of the chart. ..U can be :1een 
from tbe information on the ieft ,;1de of the chart. the 
equai.ion for such a line ii that sbown above ""' equation 
(3). Thus, any gradation that will plot u a ~tra1gbt line 
through the oriein of the nl!w chart will also plot $11 & 

straight line on the double log chart of '.\"ijboer and v.'lll 
haw a slope of OA5 . 

Tb.e new IJ?Adation chart descnbed in tb.ls l!.rtlcle. and 
herealter referred to u the Public Road.a gradation chart, 
ill not, strictly speaki.D!!;, an entirely new type. The 
Xation.al Crushed Stone . .\sloc:iation. In ttll Criuhtd Stone 
J ouf"IUU, b.u been Wling a squaM!-root gradation chart for 
several yeam to 1ilwitrate l!'radat1om. The vn.ly d.ilference 
between the .\M<>ciation's chart and tb.e new one p~nted 
here i.I that the former is ba.sed on an t!:ttponent of 0.30 for 
the power function instead of 0.45. The rellea.rch of 
:-.;'ijboer and data to be pn!sented later In thlll article ~how 
that 0.46 i.I a. more n!al.i.atic: \'aJ.U.e for mdicat1ng m&JUmurn. 
de11.1ity. 
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Soon af~r the Public Row gnldation ch.an. wu d~ 
vl!loped it wu u81!d t.o study gradations of aggrepte from 

several bituminoua minurn that had be-en repurted as 
having u11satiafact.ory compaction eb&ractertsties. Dunng 
the put 4 or S yeara, enginttrs have reported several 
ilutauces of bot upb&ltic concrete mi:nul'l!s that eon· 

15 
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:,J~mel'i ·v thf':r •o<>r11ic:1.t1on1 but rould not ~ eomp&ct<!!d 
.n ~he norm;i.i :nann~r o.>c:i.u:te they wen! slow in develoeillg 
,;uffic1ent ~taoil1ty '.o ,.,-lfhsta.nd the weight of l'E.!!.ill4 
'!quipment. :5udi :nu:ture! :ll'I? '18ually called "tend!!.r'' 

~ 
Those ha\·inrg uperience with such minures ha\'e 

tPnded to pl;i.ce most of the_ blame on the parttcu.la.r :i.:iphalt 
i.i"d. • >cca,;1onally it ~~ n>col!'?lized that rnch factors 

H h:1i:h rpmperstul"'!'~ of the m1:nure. the :ur. :ind the 
·rnderly1n~ ,;tructure. o>XCP!~lvely hP:i.vv rolling: equipment. 
, .. r ~hP pr,.....:tJ-nC'P .,f mo1~tur~ ir. rhP m1nun> mucht t:on­
·raJut~ ,,, th .. 1m~au~factor\· condnion. The pos111b1hty 

"-•~ ,-,.rv -..1dom cu""ldered that all11:n>11:ate ~radation could 
h·· .tn "''!'•all\· 1mpol"(:J.nt facwr :rnd that the 11:rtt.dinrg 
'"•;111!'PrnPnt~ 'l*d ··ould be contr1butm11: to this problem. 

T,, iihitr:ltf' thP t~·P" of all:ICl'l'lpi.te llMl\tion that :teetrul 
.,, ho> r:i.t her ~on:H~tPntly :io~ociated v•ith tender mixtures, 
-um .. •pt'c1iic .. umples fmm th~ different paru of the 
~oirntr~· :ire discu!sed in the paragraphs th.at follow. 

1 •n ;.1 L!J5" construction project. identified u projf>ct A. 
:t .... n11:m,..e!'!! were careful to select cold feed materiab and 
propo~ioni1 for· the Q,il'!l.rinir coul'!!e mixture that w<:>uld 
pro\"lde a med1i<n ~r:i.da.tion withm the specilicauon lim1t:s. 
o .. ,;p1te the,<e preca.1nions. the resultinrg m1:ctul't" had the 
char11.cter1sucs of a tender mix. It wu de~cnbed as a 

cnttc:i.l mixture .,hich did not compact .ausfa~~<H'.lv ll.~ 
any uph.alt content W1th1n th" :!P<'C1fi.cat1on l1m1t~. · At 
a.sph.alt cont<!!nt.1 only slightly below the •me that ,.,.,u 
most nearly S&ti.sfactory, the mixture W&..l! fnable and 
dl'velopPd cr&eJu behind tbe tlnishmg machine. .\t onlv 
:ilui:htly higher Mph.alt content.I the aunure WI!..:! to~ 
un::it:i.ble to compact. 

Althou11:h the ~ng:inef'f'!I suspected the asphalt ,..:i.,,. a.t 
fa•ilt thev ct .. cided to try a modified 11:r:i.da.t1on. which 
rr:<ult<'d m a lPss cnttc:il mi:nuN> wah grP:.1tly 1mpruw<i 
compacuon characteristic,;. Th,,. mmal :.nd final w:r:i.da­
tion; :i.nd the correspondin~ m:i.:umum den,tty ~ra<btton 
.>rP ;ho;a,·n plotted on the Public Road; llr:i.c:!:i.t1on chat"( :n 
li11:ur .. 3. Attf'ntion is called to the hump in :hP c1Jrw 
3.00\'e the maximum density linP at th" \'",; .;o. 40. :ind 
30 SM!VP "IZI:':; for the initial grsdanon •J:!t'd 1n th>' •rn· 

satisfactory mixture and to thP abs.>ncl' uf :.1 h1Jmp :.it th•'"" 
:!lt!\'P ~1~s for the 6.nal rgrtt.dauon wtuch produc~d th" mor,. 
oatisfactory minutt. 

Fi11;ure -l ~hows grtt.dation:; u:!ed on thrP .. »thrr proj~cu. 
each havinlif a hump a.bcn·p the m1u1mum dPn,1ty line .1.t 
;i.bout the ~o. 30 sieve v.·hen plotted on the P•rnhc H.m1.ds 
ch:in:. Two of these, for pro1ectd B and D. b111lt in 1•1.; ... 
in a difff!l't'nt State than proJt>Ct .\. :i.re 1!?".J.d&tum~ of 
mixtures containing grsvel and sand that "'"l"I' r.le~crtbed 
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a~ '~':Jn m1xe!. The third IJTSd&tioD, for projtM:'t C, is 
:yp1cal of ~nooe uoed in & 5tat.e wbich baa had coos1dent.ble 
<iifficuttv 1'"itn mol!ture problema i.a. laying bituttllllous 
paveme~t; ~ontainioir; certain coane ~~tes. A very 
;m:i.ll :i.mount of mo1.11ture in sucb m.irtutt:t often results 
in l •plotch,. ps.\·ement surface. 

Th,.re have been exceptions, but nearly all ~ation 
~·in·,., oi prohlt>m minures studied by the re~arch labora­
,, or:.-- ,,f (hi' BurP!.1.U of Public Row nave ~n characterized 
"" "'.1 :irno abv,.,. the ma:umum density line at or near the 
'." ... ~o ·lt·\ ~. :'u«h m1.~t11res have an excess of fine sand io 
~··c;i:1.a 1 '" •ilt..11 -and. This e:tcess not only l'f'sults in 
;.,"-r ""nlpact••<i i~n:<1tie; h11t tends to float the lit.rir;er 
:-iar """' :rnd .1 ... -1 r•>'" ;t ability that mijJht otherwise result 
f r"m ,.,,ar•" a11ii:reii:;t., mtPrlock:. ln addition. line sand ill 
:nh•·r,.ntlv [;>;s ;table than co11.rse sand. 

T1:11::. :mpropi:r Ufire!Qte gradation is identif!.ed _as lln 
imoort ar.t ._•ontribuunir; factor to the unsa~8!e_tory 
h.-ha\'lor .,f "Vme b1tummous m1nures. --()tber fs.ctqrs, 
•• ic h ·'·' a,;oh..a ~haracter1sucs. hi'ir;n- tempef!!!.~ and 
m'.)1w 1rP ,·apor cannot hf' ruled out; ·but .unu.t.illfactory 
v:ra.c11::w:. nart1cularly •l\"P!'l'andmg m thP. f!.ne su:et,. must 
r.ot tw •J\"PriOQi.:ed ~ a. PQll5!ble :IOUl'ce of trouble. 

Laboratorr Ewlluation of Gradation Chart 

To evaluai.e further the usefulness of the new P•tblic 
Roads gradation chart, a l&boratory study Wa.i undertakPn 
•rith two main obiectives: To subetantiate ~1Jboer s 
findinir;s, and to determine mo!'P pl"l.'ctsely the .,ff.,ct or 
··hump" a;radations on miner.i.l voids and sta.bility uf 
compacted a.;phaltic concrete. The 3tudy PmployP.d the 
gyratory method of molding and tne ~farshall stability 
test. 

The invPsti«ation was limited w :?-I ditren;>nt gradation~ 
of '!)r:l\"PI. sand. and limestone dust :i.11:11;re11:11.te havm'! a 
rru:umum size of 0.5..?S inch. ThPse 11;radat10ns :i.re :>ho~·n 
in table l of th!! appendix Ip. :.H l, toir;eth .. r with \·alues for 
t'lfecti\'f~ ~pec1fie gr:l\"ity va.lue:1 which wPre •tst>d m 
computing \"Oids. 

VerUlcatioa or O.•S npoaeat 

In order to verify ~ijboer's findinir;s. the first si'.'t a;r:i.da­
tions w.-!'f' made up so that they would plot :I..! straight 
lines with •·arymg slopes K on the double loir; chart. u 
~ho1111n in WJul"I.' 5. When plotted on tbe '.'O'ew P·1blie Roads 

"' Q & 17001-~"---~-+·'~,,,. ..... ,ir-~~-i-~~~-----1~~~--t 
o. Uf'HALT v VAlttAll.E +. 

18 

,.. ... Alllt VOIDS • 4.0 ... 
Sf:COlllD Sf:lttl:S DI TUTS 

i 14001------------+--------~~ .... ------~---r--~~~-t 
c ... .,, 
_,, _,, 
c 
::z: 
::i;: 1100 l-----+-----+--~--+----111 
c a 

-
1.1. ............... ....i~ ............ ""!"!~ .................... ':!::' ............. , • ..» AO .50 .60 

SLOPE •ic: SEE Fii. 5 
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11:~:ic;i.t • .:n :::J.!"*. :111:·~:"' ~ fh·" -if !he!>!' ~in~ plotted u 
:urvP-; 0 , .. ::i.~"4:.·A •:ie ·.:1.rn•t:0n;. ,n ti:e e:qionent K. Only 
,cr:i.d:it:on ~o. 3 .... ·h1cr. had a !lope 1or e~nent K) of 0.411 

1-n fiirure 5. plotted a~ a Hrai11:ht line ui figure 6. Figure 
ti ;i.l.:!~ eontam!. for ready referent't'. data on mineral voids 
and ~l:irshaU ~tab11ity '!'~racted Crom table 4 of the 
appendiit. It .,..ill be noted that the J.ll:grel!'ate~ were com­
bm<'d .,.·1th asphalt m two serie~ of m1'.tturt's. one .,.·1th 
~nr.~t'.l.nt asphalt content o( 5.5 percer.: :rnd the other ..,·1th 
v:i.~:ahl,.. '.l.;.phalt cont~nt to produce const:i.nt :i.1r voids of 
4.•) pncPnt. 

Fi11:·;ro 7 ;how; 'he >Ltr~h:;.11 -tah11in· :ir.d mineral void 
"·:ii·~":; 1r: .:r:i.pr.1tal form. In th" upp"r pa:-t 0f this fi11:ure. 
>L·~·hail -'J.h:::iv _,.., '.lh•:iat1•;n. fi11:. ti· •s plotted :i.gainst 

K .)r •ivpe from :~.e do1ioie 1011: chart ~"' f~. 5'i. The 
;;1;!1d-lm» .:11rq~ rPpre~Pnt:' tl'st r"~ults for a constant 
p"r,.,.nta{!e •lf ..tsph:i.lt. the first >l'TH:>s of te!ts: the dashed 
iin~ r<'pr<>....,nt!' r""'.lit• for a constant percenta11e of air \.'Oid!, 
: ~.... ·<>cond ,;eries ..if lf':'ts. Correspondin11 curvPe for 
min.-r:it voids ;i.re :;hown m the low"r part of the filfUre. 

It wia b<' noted in fi11:ure 7 that minimum agpgs.te 
\'<!ld:'. »r ma'C1mum :1{!11'rN1:aw densities. occur e.t the point 
whel"' I\. "'JH:l.ls 0.4'35: This is sli11:htly lower than '.'iij­
bo .. r·" value .,f U.-45 on which the neG.' Public Roads grad&· 
tion cha.rt is ha!!f!'d. but the sli11ht difference is not con· 
!idered •umificant. Fi~re 7 J.!:;o •ho ... ·~ that the ve.lue of 
K had a pronouncPd Ptfect on '.\(arshall :11.&bility for botb 
!!l"rlt'" of t?~t~. For the coal'l!('st grained aa:gregate 1 grading 
Xo. tl. for G.'htch K=0.06 .. st:i.bilit\· G.'S.S less than ilC)O 

pounds. For th!' finest gra.ined aggregate of ttie .study 
·gradinf!) :So. I. for which K=0.31:. ~tability wu betw-ttn 
1.600 11.nd l,:'50 pounds for the t'l'·o :1eries. The maximum 
values for the two senes 'll'ete between l,1!00 and 1,950 
".>OUDd!. 

Stadr of "II amp" sradaliona 

Figures '9-10 '1!>1' '.he P·~bl.Jc ?..:iari:; .i:-a•1.l'.i•Jn c::"rt •0 

illustrate gradations that plotted wnh ~ ::ump :i.t t:lP :'\.) 

30 sieve sue and to compare tnem "'"Jtn :i. ma:umum ·1t"ns1t,· 
CUl"''e !gradations '.S"os. ';'-11 and 13-!I. m0'"''Tl in :able l 
Of thl' appendt:tl. Each or these figure! al!'o incil.1•1e! ;J. 

tah•1latton ·P-ttracted from table -l of thP .i.pP"nil1x ;n0 .. ·­
m11: rr.m.,ral void; and 1Hab1htv !or m1xt11J"Ps with con:Hant 
asphalt crintP!lt J.nd .,.,th a. con~tant v0ium" of .l1r voids 

F:l!'Ul"P .;, -;how• tn" ~~:i.dation curvP.o :rnd '"'! rf>•ult.' for 
~rada.uons "-'o~. 7-11. each •)f which had ~ti.O perePnt p,.;5. 
m11: the '.S"o " ;1e'·"· the 'a.me "" that iur ,;-i~ m:i.x1mum 
<iens1ty curv"' Th .. ~e gr.idat:on< arf" i::0n•1rl,,re<i »pllmi.;m 
in th<' .>mount of total sar.rL 

.\; w1il bf' •ttn in fi11:url! ~. thP t"lrv,. for w:r:idat:on :-:u. l l 
plotted as a 5tr:i.111:ht line from the '.S"o ~ •1e'·" '•l '.ht> '.S"o. 
:..'()()sieve and this p<H'tton of the r1irv<> 1; bf'luo.- <· • .- ma>tt­
mum density line. The curv" for l!'ta<:..tnon ~.). lO 1s »n 
the ma.itimu::n density line from maximum <1ze '•l •he );u. 
30 s1e,-e but thPn drops below tne m:i.umum dt>n:mv :me 
to the "o. ·ioo ~1eve: 1t :.hen.>fore hu a >lu;i;!lt hump a.t the 
'.S"o. 30 sie~-,. but the £11.ct that this hump 15 not ;.b<)'"" the 
maximum den!ity line 1! considered su~nificant ;.mcf' ~rada.­
tion So. 10 ha.d the low"llt mineral \'Old~ of th1,; l!'ronp M 
gradations for both :ier1es of te•u. a.nd lli~o h&ti th,. hui:hest 
stabilit!' for the :ieries in ..,·h1ch a.spha.lt content •·a..s main­
tained constant. lt1 stabllit!' WM only 10 pounds loG.·er 
than the h111;hest va.lue 1n (he second test :ier1es. where air 
void! were maintained con!t&nt. 

The humpe at tbe :-;o. 30 ~ieve !lie for cradations :'.'Ill. 9, 
8, and i &re progreu1vely l.arll'!r than that for gradation 
.So. 10 and are all above the maumum density line. .u 
the ·humpe become more pronounced tb.e 11;rada.tion1 show 
incttuinl void contentl and deereumg stabilities. 
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Fi(Ul'I! 9 sho"9 the ~ation cu~n and ~ ~ult• for 
gni.dauons So11. {3-l 7. all of which had 53.3 percent pua­
ing thl! So. ~ ~ie\"4!' and &1'1! eonsidt-l'l!d high in total YOd . 
when compal'l!d to the- ip'Sdations shown in ll(Unt S. 

The curvl! for ~&tion So. 17 does not have a bump · 
llt the So. 30 sieve siR: it is a straight line from the So. f 
to the So. 200 'ievl! and inter.M!Cta the rna:a:im.um dentity · 
cul"\"<!' at the So. 30 sil!vl!. This gradation showed the 
lowPtt \"alue of minertJ voids for the group. The curve 
for gradation So. 16 baa a slight hump abol/9 the ma:a:imum 
decut~· curve at the So. 30 sieve siae, and gradation 
cun;~ Sos. 15, U. a.nd 13 ha.ve increuinigly la.1'1flr humpe: 
Allowing for experimenta.l l!l"l'Or, it will be noted tbat, in 
liJenPr:i.I. incl'l!uing m.a.gnitude of the bump corresponded 
with increuinlJ mmeral void.a and decreuing nability for 
the M>ries of tesu when! the uphalt ... m.a.int&ined eon· 
9tant. Where the air voida were maintained conlt&llt, 
in the two instaneet shown, tbent wu a llil:ht inn'l!Ue in 
mine!'al \"Oid• but no significant cbanp in nabilit7. 

Figul'I! 10 1boW11 the eurvn for padatlolll Nae. 18-21, 
•·hich had 38.9 percent J)&llins ti» No. I lieve and ant COD• 

!idered low in tot&l aAd wbe11 compared \o \be Jfadatiou 
thown in fi(Ul'I! 8. 

The entil'I! curve for~ No. 21 plo\tld below tbe 
maximum dell.lity tm.ud' ... a Vl!l'f .upt bump at \be 
:So. 30 sieve site. 'Daea.n. for ps.dMioa Yo. 20 bu a. 
!light hump and toucme t.bl ma:a:imum de111ity Une at the 
:So. 30 sieve site: qiMrwfal it ill comp61!tely below tbe 
maximum de~t.J!ne. Thil ill colllidered lipliflc&nt since 
gradation Yo. 20 ··11A:""ta.e loftlt. mineral void.I and tbe 
highest stability of tbi8 group ol IJ'lldation.e in both •rietl 
Of tl!SU. 

Gradation :s'o. 19 bad a coD1iderable bump at the Yo. 30 
sieve !Ill!, above the IDAJ:imum denlity eufVW. Thit IJ'1lda-

20 

tion bad l(n!ater mine!'al \"Oids and len M&bilitv than tho11e 
of gradation ;.;'o. 20. f'rradation :So. l~ had the larpat 
hump of _the irroup and it al.lo had the highest perel!ntage 

· of minl!ral \-oide and thl! lo"'1!'st !t&bilititos. 

CHchuloa1 oa kamp 11'•da.Lloa1 

The a."bove diseuseiona. baled on DlfU~ .,_10. of humps 
in gradation curves at ttle :io. 30 sieve !i.11!, may be ~um­
mariaed u follon: 

l. . .\ hump abovl! the ma:a:.imum density litle in all cuet 
wu auoeiated #ith a loWl!r &31Jr1!8ate density •higher 
mineral voids I than a bump thr.t just toud1es the maximum 
density line. 

2. In nearly all cues the hump also wu usociatl!d with 
a lower ~al'llhall ttability value. The l'l!duction in na· 
bility wu more pronounced for thl! !M!ril!I of tests in which 
tbe upbak content wu maintained constant than for the 
tene. i.D which the upbalt content wu varied to provide 
a coftlt&nt volume of air voidl. 

3. The ll'l!t.ier the iugn1tude of the bump above the 
maximum demity line, the lower wu thl! aggregate dl!ns1ty 
(in all CUl!ll &Ad~ st&bility (in nearly all c&ae111. 

Thua, balled oa N9ulta of Laboratory U!!IU of gravl!I mi:a:· 
tura. the pl'l!lll!tloe of a bump in the &4!Jrl!8&te pdatioa 
curve at about the So. 30 lieVllt and above the maximum 
det:Wty line i9 indicat.ive of a.n und•ira.ble 1Jradation. 
The enent to which dil!l!t'lllCf!ll ill Laboratory deaa1t y and 
stability can be rew..d to a.Id compactwo and perform· 
ance chat"&Ctl!rilticl is not now !mown. However, tb.e 
retult.a of thffe laborator:r tat.I and •udiee of lmown lleld 
enmplell d.iaculNd earlier do llhow tbat .. bump" grada­
tiolll may be a contributing factor toward the unsatia­
tact:ory behr.vior of mi:rl.url!I. Furr.her veri.6ca.tioo of their 
elf~ sbould be determilled by eoauolled field nudiff. 
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t:s. or chart in impro'rinc cradaliona 

One rif t hr advant&IZ'!'Olls u"4!".'I of the Public Roads 
~radation <.'hart i~ in revisinir a:radations to obta10 greater 
<>r lt>~!!"r minf'ral voids. OftE'n it i."I de~1rable to deel"f'&ae 
th,. mineml voids to provide a mnre stable mixture. At 
"thPr time,; it is .i .. s1rablP to inc,...ue the mmt>ral voids 
to :i.llo"" room for mo"' a.sphalt in the m1nure and therebv 
tmprow H~ durability: for t'it:ample. ~lcLeod > prefe~ 
to m:imtam :i. minimum of IS-pert:fflt mineral void• in 
the compacted min•1re. 

Ba,....d on thil' 15-p!"rePnt voids criterion the m.a:idmum 
<ien~ity 1tradation ulll'd in theee tests. ,;o. 3, would not 
be .•att~factory smCt' it had mineral ~oida of 1-4.4 &Del 1-4.g 
~rc<'nt. l"f'specti~· .. ly, for the fil"llt :ind !lei:Ond ~rift o( 

t*'~ts. Gradation ,;o. 10. wbich ia similar to rradation 
~•>. 3 .. :occept for a lower dU8t content, would be aati.11-
factory becau;;e it.II reapective mineral voida wen! 16.8 
alloi 16.3 peret'nt. appreciably g?Ht.er than the ll>-percent. 
criterion. Thus. one eft'ectiw way of modifying a gn.d.t.­
non to provide grHter or ie-r mineral voida ia t.o change 
1t~ dust oontent. Bowewr, U1ia may not be pract.ical or 
1t may bf. more economical co modify t.he ~n at. 
other !ievl!' ~illeS. 

H tht> modi.ti.cation is to be made by var:rins tbe gn.d.t.­
tion of the :ia.ud portion. .,_ 8-10 1Q1111!R tbai ~ 
mu~ht be done by increuiltl • .., ·,, t.he pereeo«ap 
p11o.s11ing t.he ~o. 30 .-.,. ~·eat.ire ~ while 
mamtaamng comtant t.he; Q·p= pMliac tbe No. 8 
and Xo. 200 sieves. In !pl'l 10, for •sample. if rradat.ion 
);o. 19 sbould prow t.oo den9 ii couJd be mocWled to a 

• RtNt-llO W- 'liftil; . ..__ °"'*'1i, .. , .... ,...,..... 
olt'.'owl•- .RU•- ,._., ........ b,.N. W. Mda4. I'll II• 
ot the 33t1I a.11n1&&1 m.Cllll Oii 11111 ~J' 8-'1111 BoMS, ..t. a 1-. 
pp.JT.-llM. 

it"so dense gradation by incre:i.sma r he p.-rcenta~ of 
~rp.te pM11in111 the :So. 30 ~il've and thel'l'by movmg 
tb.e gradation curve away from the maximum density 
line: or it couid be made den:llt'r by reducin11; the percentage 
pa..'18in• the So. 30 iuew U> bring tlu! curve closer to the 
maximum d .. naitv nn ... 

If, however, tbe modi.lication is to be made by adju.ning 
tbe pl'rttn~ of sand or by varyinll; the lf!'adation of tbe 
coanie ~~te. another factor must bP. taken into 
account. An allowance mUJt be ru..d.e for tbe !act that 
skip gradations can promote bigb.er density. 

Sid, Jr&da&l:>U 

Figure 1 l shows cul'Vl!ll and data for three ~kip gra.da· 
tion111, Soe. :.?2-24. Tbe a.lope of the~ curvP.!! bt!twf!l!n 
tbe So. 4 and !fo. 8 siew si11es is appreciably less tban 
tbe 11.lopes of tbe remainin( portions. They m111;bt be 
referred to u grad.11.t.iona that plot W'itb a hump at the 
No. 8 sieve si1e. Figure 11 IWlo showt1 curves and data 
for l:.he muimum deasity gradation, So. 3, and for~&· 
tioD No. 12 which pkltl u a etraiiP:it line from tbe maxi· 
mum Ii• to t.he - percentap paamg the So. 200 
aieve u that oft.be ot.her CQl'V8. 

Comparing \be eurvee in &,ul'I! 1 l Wlth tt!IJ>f'Ct to their 
poaitions relatiw co tbe muimum density line is eor:npli· 
eat.ed by tbe fact \hat 8Qme of t.bem cro• it. For exam­
ple, rradation No. 12 plotted cloiler t.o tbe maximum den-
1ity liDe \ha.n' g'.l'lldat.ioD No. 22 at the :So. -' and Luger 
lriew si-. but further from tlle line at tbe :So. l6 and 
smaller lillve a&.&. OD. t.be avt>rap, however. gradation 
No. 12 piot.t.ed eloer to t.he muimum density line than 
gradation No. 22, &Del it showed tbe higher density 1 lower 
mineral voida). 

Similarly, Kil> gmdaiion No. ~ plotted cloaer to tbe 
mu:imUm deuaitJ line thao skip gradation So. :23 at tb.e 

21 
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No. t and ~r sieve sias. further from the line at. the 
No. 8 sieve ii.lie, a.ad a.pi.a cloeer to the line at. tbe So. 30 
and 11~r :1ievee. Which ,ndation plot&ed cloller r.o 
t.he maJDmum denait.y line on the averap w quest.ioll&bJe. 
but. gn.d.&t.ion So. 23 had the b.igber denait.7. 

There ia no doubt that gradation .So. 2-1 plotted the 
fun.beat from tbe ma:umum den11ty line and it showed 
the bi(heat density of the three akip ~tiona. Iu den­
sit.y, llowever, wu not u ~at. u that of gradation So. 3. 
tbe oae tbat ill Uled to repretent maiumum demit.y on 
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the r.:i.datwn ch.art. But this does Dot. pr!lelude the poe>­
!1btlitv that there lllAY be other sltip gndatiom Qf tbe 
~me -maximum s1se that '11'111 neeed the denaity of p­
.ation · So. 3. 

Figuree 12 a.od 13 compare data for gn.dationa that 
vary in the pereen~ paaing the So. 8 sieve. The11e 
were 11elected from previous flgun!ll uaed to illustrate 
"hump"' g-radationa. They provide the same indications 
&s fil!!ure IL For example, in figure 12. gl'Miation So. 20 
plotted further from the maximum denaity line than gra­
dation :So. 10 but h&d the higher density. The s.ame rela­
tionship held for g-radations :Saa. lil !Uld 8 in figure 13. 
[nc1dent&lly. gradation :So. :!O in figure 12 and gradations 
:Sos. " and l 'i m !i;rure 13 can be cl.a881fied u skip gn.da­
t1ons &:; well a.e "hump" l!:r&d&tiona ·becau11e they plot 
with ~lopes t\a.tter between the :So. il and the :So. 30 sieve 
size than elsewhere. 

In l'l"fereneoe to the hil!!ber density skip gr&datiooa in 
lif!'Ures ll-13, it ill eonsidered important t.o not.e that in 
all r&&es the ril!!ht-hand portion of tbe gndation curve 
wa.a below the ma.ximum density line. Thill fact muat be 
taken into acc:ount when uainl!! the maximum denaity line 
u a n>fettn~ for &djusting skip gradations to provide a 
lower or a h11Jher density. 

The laboratory study covered by this article ,.... limited 
to data reprnenting 24 different gndatio1111 of a,grepie 
of a single muimum sm. Only o.ne· uphatt. a.nd o.ne type 
of agppu were Ulll!!d in the m.Jirtures. Ba.d o.n tbeae 

li.m.ited oolldi1..iom. Ulll! follo1ru:lg oonelwuoo! .il"e tnLr· 
ranted: 

I. The new Public Ro&da gradation cbart providee • 
much more oo.nven.ient mie..na of 1tud}'in1J agrept.e gnt.da.­
t.ons than the lop.ritbm.ic cb.&n. oow commonly Ulll!!d. 
The great.er conven.ienoe resul\I fmm the fa.et. that Cll&zi­
mum den111ty grsd.r.tiona can be reprelll!nted on the chart. 
by a stra111ht line from a theoretical 1ero percent pu111.nr; 
.&ero e1eve stie t.o 100 percent p-ing tbe effective mazi­
rnum s1se. 

2. This m..u:imum density line oolllltitut.es a new det1iipl 
tool. in that tt lll!!"Vetl u an euily remembered line in cmn­
pan.og ditfel"l''lt grsd.r.tiona or in adjultin'!! ~ations to 
provtde deaited voida and st.ability cb&nct.erut1ca. 

3. For KT"&datlooa of the ''rM 'YP' o1 •urec•te •bicb 
plot &11 smooth curves entire-ly above or beipp the maxi­
mum density line. thoee c!owt to the line mH ,,,,"'b' 
repreaeot gradAtioM yieldig~ rbe 10aegr yoids rn the 
oometed au:nure. 

4. For (l'!Mi&tione of the :tame type of a.ggregate which 
plot u identical curves except for the portion bet ween the 
So. 8 a.ad the No. 200 e.ieves, thole that &bow appreciable 
hump11 above the mu:ia:uim denait.y liDe at about the So. 
30 1ieve will have lllgher lplllel"&l voidl and lower Mal"lhall 
st&billtia than tho. plotii.ug .nth '-er hump11. A.na.lyllill 
of 1evel"&l problem ~w. from field project& baa clearly 
oon.6rmed t.hill find.ill1 and poi.nu up t.be detriment.a.I e!'ect 
of gnidat.io.n humr- i.n t.be Iner ~ .ue.. 

5. For alr.ip gnidat.iou, low mineral voidll are ..-ocia&ed 
wit.h CU!'Ya t.ha' llt.ay appreeiably below t.be malrimum 
demity line in tbe rigbt.-b&Dd or aoane ag:rept.e 11>ae of 
the chart. 

GRADATION CHART 

·oo 

90 

10 

70 .. 
! to ... : 
... 50 
• ... 
:: 40 ... .. 

30 

10 
-~ 

7PJt 

SIE'IE SIZES UISED 1'0 0.45 '0WE1t 

~· 
~ 

It ... ~ ,,. 

/"/i' " .. llllUI 

~ ~ 
ASPM&.T • 5.5 P!ICEIT ••V09f• ..... ! 

"'· ~~ MIOATIOll ••IAL 
~~,.. .. IQ. ¥OltS 

fl[JllCllT 

l' 
,r 

15 II.I 

• 17.t 
II 11.I 

I 

• .. ~·· .... 3-•· 
Slt:YE SIZES 

~-

--
-

IOO 

10 
0 • to. -c 50: 
• ... 

40 :: 

30 

IO 

... .. 

0 
I& 

",wru.-G,..,,.,,.,,. _,.... la ,,."",.,.,. ,,_.,.. If .. I *•• -4fA At,lt. 
,,.,.,.,.,.,,,,..... 11 ••• .... 

4.S.25 

Arch
ive

d



APPENDIX: PROCEDUR..E AND DETAILS or PROJECT 

ProeeAiac &Cll'•CllMI 

Table 1 shoWll the ~gate gradations Wied in the 
studv &nd includes values of effective specilic gravity 
which were ulled in computing voida. Tbe effective 
specLfic gra.vmes &re rational values determined directly 
on several of the mixtures by tb.e Rice vacuum :1.&turation 
procedure.• 

The :i.gg~gate larger than the ~o. 4 sieve and a portion 
of th:i.t pa.;:;mg the ::-;o. 4 ~ieve and retained on the :-;o. 8 
!iPve wai; an uncn.t5ht!'d river gravel. Tbe remainder of 
the .u;rgrPg:i.te con!1stt!'d of sand from the same :iource 
and a commercial limestone mineral tiller. Tbe &mount 
.if mineral tiller used varit!'d with the gradation. In all 
c•a.ses 00 percent of the total &gn!'gt.tl!' puaing tbe No. 200 
~1eve coosistt!'d of limeolltone dust. 

Ta.ble ;? givell the apparent and built i1peci.6c gravities 
of the three !tock ~grega.tes. Rational values of apparent 
a.nd bulk specific 11;ravity of tb.e combined aggregac.e 
representinl!' different gradation• were not det.ermined. 

In prepann11 the &gg?'l!!gate to be combined to meet tbe 
:several gradations. the gravel and the sand larger than 
the :--;o. ~ !ieve were accurat.ely separated into 0.S21Mnch 
to l~inch. i,-inch to So. 4, and So. 4 to So. 8 sieve lia 
fractions. Since it ill very difficult. to obt.ain cll!a.o sepa.n­
tions for line s11e aare!Pt.e in larp quantities, no attempt 
WU made to !lep&rate tbe •nd into euct. Sieve Ii.le r!'M:­
tions. Instead, it wu separated into approzimat.e trillN 
by a relatively rapid sieving proct!99, and tbe gni.c:tatiou 

• ·"-"""" SJ!O.,At G•-, tJf Bini•-M"-.,. ~·-· ~ 
,.,._ .. ,,.by J.M. R.1m. Lil -Sr•-• .. SpoaAt r.;-, tJf Bihl-
C- .iff'lftlU, .OPl'Cl&I Tee!l.luaU Publlcil&lon No. 1'1, A---..~ 
!or T•una Mwnall. JW11 l9". pp. t:Hll. 

of the !l!Vi!!r&I fractiona were then accurately deterl!llne< 
a.nd ueed in computing the correct proportions to provide 
the desired combint!'d gradatione. 

Prepviac mi:a:&ve1 and &e1t •peelmeu 

An 85-100 penetration grade lt.Spha.lt was u5ed in all 
mixtures. Table 3 (Ji"·es its t.est properties. 

Tbe tnixtures 111o·ere prepa.red in a laboratory mixer from 
aqregate hea.ted to 32.5° F. and upl\a.lt. hea.ted to 300° F. 
Each batch wa.s just sufficient for one test specimen. 
which. immt!'dia.tely after bein~ mixed. was rompacted in a 
gyratory mold heated to 200° F. Fi~re 14 . p. :!til shows 
the ur:i.tory compactor used in moldinl!; the ;pectmen~. 

Tbe test specimens, -1 inches in diameter and :?'l inchPs 
in beilj'ht, were molded by applyin11; 30 l!;Yl'&tions at a 1-
delfl"ll!! an~ and under a foot pre1111ure of It.JO p.s.i. Pre­
viou1 work by Mc Rae and Mc Daniel ' indicatt!'d th.u.t this 
procedure produced densitia correspondin11 to those of 
the ~blow, h.and~mpacted Marshall specimen. 

Te1a. ,.rrormed · 

The specimens were tested tor bulk ~pecilic ~vity, 
Manhall :1tability, and ~anhAU llow value. Bulk specific 
gravity wu dei.ennint!'d by tb.e procedure described in 
Section -l(&l of AASBO Method T-165. Air and mineral 
voida, balled oa l!tfeetive specilic gravity of tile aggre11;a.te. 
were computed from tbe bulk speci.lic gravitiu. 

' ,.,.,.,_ ....,_. .. UW Clrpir t/f £.,._... K ........ c..,.- ltlll' Bihl· 
- """""-· bJ J. L. MeRM llld A. R. Mc0.-1. "-'1IAo Of I.Ill 
A-.aoQ of A.IOllM$ ht'llll Ttelmolopu, Toi. r.. 1(161. pp . .111-3112. 

Table 1.-Gndadem u41 e•eed,.. .,.aAe crarity et aQrelllMI blelHia 

0 lld&&lOO s r • o. ; 
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T'lll·o ierie<s of tests ,.·~re conducted. tbe M!!UIU o{ wh1cb 
:i~e ~umma.nzed 1n :a.bie -l. The fi!"!t ~ne! wu performed 
on .ill .:~ ;i:ra.da.ttong ;ho"'"TI 10 table l. All 2-l minuM!s 
conained S.5 percent of !L'lphalt by weight of the l!.IJgn· 
a:&t!'. :\ total of 72 test !pec1meo1. 3 for each of the 2-l 
11:r&d.a.tions. wa;, made. The ""'oric wu done m thl't'e 
rriunds. one round of 24 !pecimens being; prepan!d on each 
of three dtlft>M!Dt days. The test resulta (or e&eb group 
o( tbree corresponding 3pec1me111 from the th~ rounds 
11.·e re a veragt>d. 
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CHAPTER 5 

PAVEMENT DRAINAGE 

5.1 Pavement Design Acceptance, Consideration of Drainage, Memorandum, 
T. D. Larson, February 6, 1992. 
• Technical Guide Paper, 90-01, Subsurface Pavement Drainage, 1990. 

5.2 Longitudinal Edgedrains, Concrete Pavement Drainage Rehabilitation, 
State of Practice Report, Experimental Project No. 12, April 1989. 

S.3 Permeable Base Design and Construction, January 1989. 

5.4 Case Study, Pavement Edgedrain, TA 5040.14, June 8, 1989. 

S.5 Subsurface Drainage of Portland Cement Concrete Pavements; Where Are 
We? December 1991. 

5.6 Western States Pavement Subdrainage Conference, August 10, 1994. 

S.7 Drainable Pavement Systems, Demonstration Project 87, April 06, 1992. 

5.8 Effectiveness of Highway Edgedrains, Concrete Pavement Drainage 
Rehabilitation, State of Practice Report, Experimental Project No. 12, 
April 14, 1993. 

. . 
S.9 Maintenance of Pavement Edgedrain Systems, March 21, 1995. 

5.10 Pavement Subsurface Drainage Activities, December 16, 1994. Arch
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From 

us Deoor·r-oenr 
ot Tronsoorronon 

~deral Highway 
Administration 

Pavement Design Acceptance 
Consideration of Drainage 

Administrator 

Memorandum 

Datt 

Recly IC 
Al!n Of 

February 6, 1992 

HNG-42 

ro Regional Federal Highway Adminhtrators 
Federal Lands Highway Program Administrator 

Consideration of drainage is recognized as one of the important factors in 
pavement design. However, inadequate subsurface drainage continues to be 
identified as a major cause of pavement distress. During the last 10 years, 
significant strides have been made in the development of positive drainage 
systems for new and reconstructed pavements. In addition. there has been 
major product development of materials which can be used for retrofit 
longitudinal edgedrains. The attached Technical Guide Paper 90-01 provides 
state-of-the-practice guidance on the design, construction, and maintenance of 
subsurface dr~inage systems. 

The developments in technology for permeable bases and longitudinal edgedrains 
make the provision of positive drainage of the pavement section possible and 
affordable. Accordingly, to be acceptable to the Federal Highway 
Administration, each State's pavement design procedure must include a drainage 
analys~s for each new or reconstructed pavement section. Where the drainage 
analysis or past performance indicates the potential for reduced service life 
due to saturated structural layers or pumping, the design must include 
positive measures to minimize that potential. 

Each division office is to evaluate the State's current design procedures to 
determine ~f pavement drainage is being 1dequately addressed. Where 
deficiencies are noted, the division will work with the State to accomplish 
needed changes by August 1, 1992. 

The Pavement Division is available to provide technical support and guidance 
to achieve these actions. I have directed the Pavement Division to report to 
me monthly on progress. This will require a report frOll each Region to the 
Pavement Division (HNG-40) on the first of each month, until acceptable design 
procedures that consider pavement drainage are in operation in each State. I 
ask that each of you lend your personal support to this important initiative 

to improve pavements. ~~---

T. D.~;:n 
Attachment 
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TECHNICAL PAPER 90·01 

TECHNICAL GUIDE PAPER 

ON 

SUBSURFACE PAVEMEHT DRAINAGE 

FEDERAL HIGHWAY ADMINISTRATION 

OFFICE OF EN&INEERINQ 

PAVEMENT DIVISION 

OCTOBER 1990 
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INTRODUCTION 

Water in the pavement structur~ is a recognized cause of pavement distress, 
particularly in portland cement concrete (PCC) pavements. Many highway 
agencies are retrofitting drainage on existing pavements and including free 
draining bases on new or reconstructed pavements. 

This paper is based on the observation of many pavement structure drainage 
installations and a review of current research. It represents the current 
state-of-the-practice in design practices for draining the pavement structure. 
Design and construction of permeable bases and retrofit longitudinal 
edgedrains are discussed. 

This paper was originally developed as a Technical Advisory (TA) on subsurface 
pavement drainage. However, because of the large amount of experimentation 
and research underway in pavement structure drainage, it was decided to delay 
issuance of the TA. The purpose of this ·paper is to provide interim guidance 
until the TA is issued. If there are any questions concerning this paper, or 
if you wish to offer any information relating to permeable bases or retrofit 
longitudinal edgedrains, please send them to the Pavement Division (HNG-40) or 
contact Jahn Hallin at (202) 366-1323. 
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Technical Guide Paper 

Subsurface Pavement Drainage 
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1. PURPOSE. To provide guidance for the design, construction, and 
maintenance of subsurface drainage systems for the removal of surface 
water that infiltrates the pavement structure. The procedures and 
practices outlined below are directed primarily towards high-type 
portland cement concrete (PCC) pavements; however, the principles and 
procedures may be applicable to high-type asphalt concrete (AC} 
pavements as well. 

2. DEFINITIONS 

a. Permeability • the capacity of a material to conduct or discharge 
water under a given hydraulic gradient. 

b. Coefficient of permeability (K) - a measure of the rate at which 
water passes through a unit area of material in a given amount of 
time under a unit hydraulic gradient. 

c. Permeable Base - a base that is designed and constructed with the 
intent to rapidly drain moisture that inf;ltrates the overlying 
pavement structure. 

3. BACKGROUND 

a. The pavement structural ~ection is a costly element of the highway 
system, and its premature failure is of major concern. Among the 
reasons cited for pavement failures, inadequate base drainage has 
been identified as a nationwide problem, particularly for PCC 
pavements. The AASHTO Guide for Design of Pavement Structures 
(1986) includes drainage as an essential element of pavement 
design. 

b. One of the primary distress mechanisms observed on PCC pavements 
is pumping. The conditions which cause pumping are free water, 
voids in the pavement section, repeated heavy wheel loads, and an 
erodible base. Unfortunately, these four conditions are present 
on the vast majority of PCC pavements designed and constructed to 
date. 
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-c. The primary source of free water is infiltration through cracks 
and joints in the pavement. A major source of infiltrated 
moisture is the langitudinal pavement/shoulder joint, particularly 
when AC shoulders are used. Water also enters the pavement 
section from shallow ditches and medians. 

d. To reduce moisture infiltration into the pavement structure, two 
approaches are reco11111ended. First, all pavement joints and cracks 
should be sealed to reduce infiltration. While a pavement cannot 
be completely sealed, properly sealed joints can significantly 
reduce the amount of water entering the pavement structure. 
Second, pavement structure drainage systems should be used to 
remove free water as quickly as possible. 

e. Adequate pavement and shoulder cross-slope are important drainage 
features. In addition, proper joint design (including tiebars and 
joint sealing) and adequate .roadside ditch depth are important. 
Tiebars help prevent joints from separating and allowing water to 
infiltrate. The use of tied PCC shoulders provides a tighter and 
easier to seal joint which can reduce the amount of infiltration. 

4. DESIGN OVERVIEW 

a. Drainage Poli;l. The FHPM on P1vem.nt #1n1g111ent •nd Design 
Policy (6·2-4·1) states FHWA's position on pavement structure 
drainage. State highway agencies. (SHA's) are encouraged to 
perform a drainage analysis for each new, rehabilitated, or 
reconstructed pavement design. Designs should include methods to 
minimize the potential for reduced service life due to saturated 
structural layers. · 

b. Positive Drainage for New and Reconstructed Pavements. For new 
construction and reconstruction of PCC pavements, positive 
drainage is strongly reco11111ended. Positive drainage consists of 
three elements: 1) a permeable base to provide rapid drainage of 
free water that may enter the pavement structure; 2) a 
longitudinal edgedrain collector system to convey accumulated 
water from the permeable base; and 3) a filter-separator layer to 
prevent migration of fines (minus 200 materhl) into the permeable 
base from the subgrade, subbase, or shoulder base material. 
Filter material should not be placed between the pavement and the 
permeable base, nor between the permeable base and the edgedrain. 
Unrestricted flow to the permeable base and the edgedrain must be 
ensured. The filter-separator layer, whether aggregate or 
geotextile, must be properly designed to prevent migration of 
fines and possible base contamination. These elements are shown 
in Figure 1. 
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Figure 1. Permeable Base Sections 
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e. Positive Ora1nage for Rehabi11tated Pavement~. Since most 
existing PCC pavements have been designed and constructed with 
impermeable bases,· rapid lateral drainage of infiltrated water 
from the base 1s not practical. However, retrofit longitudinal 
edgedrains can rapidly drain water that has infiltrated the 
pavement structure and migrated to the slab/base interface 
particularly when AC shoulders are used. Edgedrains placed 
adjacent to the pavement/shoulder joint can intercept this 
moisture and sign;ficantly shorten the time that free water is 
present in the interfacet thereby minimizing the potential for 
pumping. 

d. AASHTO Drainage Coefficient 

(1) The AASHTO Guide for Design of P1veJ11ent Structures (1986) 
attempts to recognize the effects of drainage on pavement 
design. The guide uses a drainage coefficient to model the 
effect of drainage in determining the thickness of PCC 
pavement. Of all the parameters in pavement thickness 
design, pavement thickness is most sensitive to changes 1n 
the drainage coefficient. However, tt must be emphasized 
that a thicker pavement w111 not compensate for poor 
drainage. 

(2) A positive drainage system, including a permeable base, a 
filter layert and longitudinal edgedra1ns, should be 
provided to ensure good drainage. Once adequate drainage 
has been provided, pavement thickness can be determined 
using a drainage coefficient of 1.0 or greater. 

e. Drainage Analys11 

There are generally two types of pavement subsurface design 
criteria used in design. The.y are: 1) criterion for the time of 
drainage of the base beginning with the saturated condition and. 
continuing to an established acceptable level, and 2) an 
inflow-outflow criterion, by which drainage occurs at a rate 
greater than or equal to the inflow rate, thus avoiding 
saturation. It should be noted that the drainage layer design is 
based only on the infiltration of water fro• the surface. 
Normally, other sources of water to the drainage layer would be 
minor and normally are not a consideration in the design of the 
permeable base. Should ground water be present in any substantial 
quantities, special provisions should be made to intercept and 
drain the water before it reaches the permeable base. The 
permeable base is expected to aid in the drainage of water in the 
subbase and subgrade caused by frost action, but this volume of 
water is generally not considered in computing the design water 
inflow. 
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(1) (a} 

(b) 

(c) 

(d) 

One method of drainage analysis is to examine the 
gradation of the base material. Estimates of 
permeability and filter-separator criteria can be made 
by analyzing the gradations of the base and subgrade 
material. By comparing the gradation of the sample 
material to the gradation of a material whose 
permeability has been determined, the permeability of 
the sample material can be estimated. 

Material permeability can also be determined in the 
laboratory by the constant head permeability test or 
the falling head permeability test. The tests should 
be performed in accordance with AASHTO T 215, 
Permeability of Granular Soils (Constant Head) and the 
U.S. Army Corps of Engineers, Engineer Manual 
(EN 1110-2-1906), Laboratory Soi1s Testing, Appendix 
VII, Permeability Tests (Fa11ing Head}. 

A method of determining the in-situ permeability of a 
base material is to use the field permeability testing 
device (FPTD) as described in the report, 

. Determination of the In Situ Permeability of Base and 
Subbise Courses. This device determines the in-situ 
permeability of a material by measuring the velocity 
of flow between two points. The FPTD's upper and 
lower limits are 28,000 feet per day (10 centimeters 
per second) and 0.28 feet per day (10"" centimeters 
per second), respectively. Average coefficients of 
permeability determined in field test;ng of the FPTD 
have shown good correlation with average laboratory 
permeabi1Uies~ 

Field percolation tests are another method for 
evaluating the ability of the existing base material 
to drain. In a percolation test, a hole is cored down 
to the base and filled with water. Observation of the 
water level in the hole over time will give an 
indication of the base material's ability to drain. 
Caution must be exercised with this method to ensure 
that percolating moisture is confined to the 
particular layer being tested. If moisture is allowed 
to escape along an interface, through voids, or 
through an adjacent material, the percolation test can 
give a false indication. In addition, it is important 
to ensure that the top of base is not clogged during 
coring. 
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(2) Edgedrain Hydraulic Capacity. In any drainage analysis, the 
hydraulic capacity of the edgedrain should be determined to 
establish the outlet pipe spacing. . . ~ 

(a) Permeable Base Edgedra1n. The hydraulic capacity of a 
longitudinal edgedrain to drain a permeable base 
should be based on draining free water within the 
pavement structure w1thin 2 hours of rain cessation. 
In most cases, a conventional partially geotextile 
wrapped trench with a 4-inch diameter pipe and 
backfilled with permeable material will provide excess 
hydraulic capacity. 

(b) Non-DrainabJe Base and Retrofit Edqedrain. 
Determining the hydraulic capacity of the edgedrain is 
not as critical with longitudinal edgedrains on 
pavements with nQn·draining or very slow draining 
bases. Drains should be sized to remove the volume of 
water occupying the voids 1n the pavement section once 
rain has stopped. The purpose of a longitudinal 
edgedrain in these cases should be to drain free water 
in the slab/base interface within 2 hours of rain 
cessation. The capacity should be calculated to 
satisfy this criteria and flow rates across 
geotextiles should permit this. Because of the 
potential for blinding (soil particles blocking the 
geotext11e openings) or clogging (soil particles are 
trapped within the pore openings, .thus reducing the 
permeability of the geotext11e) 1t is extremely 
important to properly size the.geotext11e for the 
particul1r soil type and percentage of fines. 

f. Outflow Design. To ensure rapid drainage of accumul~tions of 
water within a permeable base structural section and to protect 
the component parts of 1 drainage system, the outflow capacities 
of the system should increase in the direction of flow, starting 
at points of entry and progressing through the base drainage 
layer, collector pipes, and outflow pipes. In essence, when 
progressing along possible paths of flow in drainage systems, the 
water removing capabilities should increase, never decrease, in 
the direction of flow. This is particularly important with 
respect to pipe drains and the backfill surrounding them. 

g. filter Design. 

(1) The function of any filter is to provide both drainage and 
filtration. The f;1ter must allow water to pass (drainage) 
with minimal head loss while retaining soil particles 
(filtration). It must also enable the creation of a natural 
filter in the neighboring soil to prevent piping (loss of 
finer soil particles through the filter leaving larger soil 
voids behind). For a geotextile to effectively perform as a 
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(2) 

(3) 

filter in a geotextile drainage system, it must remain 
free-draining by having opening.characteristics compatible 
with the surrounding soil. In some cases, the geotextile is 
required to prevent migration of fine grained soils without 
clogging. In complete clogging, the fabric's permeability 
is reduced to less than that of the soil. In other cases, 
some fine·grained soils may be required to pass through the 
geotextile to prevent blinding. In blinding, particles coat 
the surface of the geotextile such that the permeability is 
substantially reduced. In any case, some loss of soil 
particles through the filter during its early life takes 
place. As fine soil moves through the geotextile, larger 
particles may combine to bridge the appertures of the 
geotextile. Innediately behind this bridging zone 1s 
another zone (soil filter zone) consisting of soil particles 
whose permeability decreases with distance from the 
geotextile. Thus, the choice of a correct geotexti1e is 
critical to formation of a stable and effective soil filter. 
Geotextiles, like graded filters, require engineering 
design. Unless proper fabric piping resistance, clogging 
resistance, and constructabi11ty strength requirements are 
specified, it is doubtful that the desired results· will be 
obtained. Construction installation and monitoring must 
also be provided to ensure that the materials have been 
installed correctly. 

The major criteria considered for a geotextile 
drainage/filtration application include: 1) soil retention 
(piping resistance), 2) permeability, 3) clogging pot.ential, 
4) chemical composition requirements/considerations, and 
5) constructability and survivability requirements. 

As with other elements of highway design, geotextiles must 
be engineered. The geotextile should have a permeability at 
least several times greater than the aggregate base/subbase 
so that water can drain freely from it. Geotextiles must 
also retain the upstream soil. The apparent opening size 
(AOS) (or equivalent opening size (EOS)) -- AOS and EOS are 
equivalent terms -- is defined as the U.S. standard sieve 
number that has openings closest in size to the openings in 
the geotextile. If given as the equivalent sieve size 
opening in millimeters, it ts referred to as the 95 percent 
opening size or o.. The AOS of the geotextile should be 
selected to prevent fines from piping through the filter and 
clogging the permeable material and leaving votds behind. 
The appropriate geotexttle AOS can be determined by the 
following criteria adopted by Task Force 25 (refer to 
Appendix B, Table 1). 
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l. For a soil with SO percent or less particles by weight 
passing the No. 200 sieve, the AOS of the geotextile 
should.be equal to or greater than the No. 30 sieve 
(i.e., o. s 0.60 nn). 

2. For a soil with more than SO percent particles by 
weight passing the No. 200 sieve, the AOS of the 
geotextile should be equal to or greater than the 
No. SO sieve (1.e., o. s 0.30 an). 

(4) It should be noted that there is no way to prevent a filter 
adjacent to a material with a h1gh percentage of fines from 
eventually clogging. If there are no voids or if the voids 
are small, the filter won't clog up as rapidly and the 
filter will function for a longer period of time. If, 
however, voids are present between the material to be 
drained and the f11terl so11 particles are provided an 
opportunity to go into suspension and will eventually clog 
the filter. Likewise, geotextiles need intimate contact 
with the material to be drained. A filter placed along a 
pavement with voids between the slab and the base or between 
the geotextile and the pavement base would be comparable to 
th1s s1tuat1on. 

· (5) Generally, nonwoven needle-punched geotextiles are better 
for pavement drainage applicatiohs than heat-bonded 
geotextiles. Woven or s11t-f11m geotextiles should not be 
used. · 

5. PERMEABLE BASES 

a. Permeable Base Design. Most existing design methods have relied 
on the practice of building pavements strong enough to resist the 
comb;ned effects of load and water. However, they do not always 
account for the potential destructive effects of water within the 
pavement structure. As a result, increased emphasis 1s needed to 
exclude water from the pavement and provide rapid drainage of any 
moisture that 1nf11trates the pavement surface. Permeable bases 
provide rapid drainage of this moisture. In theory, a properly 
designed and constructed permeable base will rapidly drain water 
that infiltrates the pavement surface and not allow destructive 
high pressures to build up beneath the pavement. 

(1) 

(2) 

To overcome moisture related distresses in PCC pavements, 
many SHA's are now using permeable bases. There are two 
types of permeable bases; unstabilized and stabilized. 

The combination of base thickness and permeab111ty should 
be capable of rapidly draining the design flows and 
preventing saturat;on of the base. The time period that 
free water is present within the pavement structure should 
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(3} 

be as short as possible, desirably less than z hours 
following the cessation of precipitation. 

A longitudinal edgedrain collector system with outlet pipes 
should be provided to ensur• positive drainage. The outlets 
must be discharged into gutters or drainage ditches or 
connected to culverts or drainage structures. Daylighting 
the permeable base layer is not effective in draining the 
base since it is subject to clogging from roadway debris and 
vegetation. In addition, daylighted layers may allow silty 
material or storm water from ditches to enter the pavement 
structure. 

b. Base Material. Both unstab111zed and stab111zed permeable base 
material should consist of a hard, durable, crushed, angular 
aggregat- with essentially no fines (minus No. 200 sieve 
material). A permeable base consisting of crushed aggregate 
meeting the gradation requirements noted in this Technical Guide 
Paper will provide sufficient stability on which construction 
equipment such as dump trucks, transit trucks, and tracked pavers 
can operate, as well as provide good slab support. The permeable 
base material gradation should have good aggregate interlock. To 
pre.vent the aggregate from degrading and generating fines during 
construction, the material for the permeable base should also be 
hard and durable. Also, consideration should be given to 
construction of a test section to ensure the material will be 
stable under construction traffic. Reco11111ended gradations of the 
base material vary depending on whether the material is stabilized 
or unstabilized. A coefficient of permeability greater than 
1000 feet per day is recommended. 

(1) Unstabilized Penneable Base 

(a) Unstabi11zed permeable bases utilize an open·graded 
aggregate material. Most SHA's that use unstabilized 
permeable bases have developed a gradation that 
represents a careful trade-off of constructability, 
stability, and permeability. Unstabilized permeable 
base materials contain more smaller size aggregate to 
provide stability through aggregate interlock. The 
use of more smaller sized aggregate results in lower 
permeability. To provide good stability for paving 
equipment, unstabilized permeable base aggregate 
should be composed of 100 percent crushed stone. 
Where 100 percent crushed stone with an LA abrasion 
index of 30 or less is not available, consideration 
should be given to stabilizing the aggregate with 
asphalt cement or portland cement. If a material 
other than a crushed stone is used, other gradations 
and/or stabiliz&t~on will need to be investigated. 
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(b) Below is a gradation for unstabilized permeable 
material which provides satisfactory permeability 
(greater than 1000 feet per day) and excellent 
stability to carry construction equipment. The 
following 1s an example of a gradation that has 
worked: 

Sieve Size 
1 112· 

1· 
112· 

No. 4 
No. 8 
Ho. 16 
No. SO 

Percentage Passing 
100 

95-100 
60-80 
40-55 
5-25 
0-8 
0-5 

(Note: Wet~washed, dry-sieved) 

(2) Stabilized Permeable Bas1 

(1) Stabilized permeable bases utilize open-graded 
aggregate that has been stabilized with asphalt eemant 
or portland cement. Many SHA's require 90 to 
100 percent two-crushed faces with a maximum LA 
Abrasion wear of 40 to 45 percent. Material passing 
the No. 8 sieve has been virtually eliminated, and the 
resulting coefficient of permeability is usually much 
greater than 3,000 feet per day. Stabilizing the 
permeable base provides 1 stable working platform 
without appreciably affecting the permeability of the 
material. Stabilization is accomplished by using only 
enough asphalt or cement paste to coat the aggregate. 
Therefore, its the gradation of the permeable base 
material that will determine how much stabilizer to 
use. Its very important that the voids are not filled 
by excess stabilizer. 

1. The stabilization material predominantly used is 
asphalt cement (AC-20) at 2 to 2 1/2 percent (by 
weight) for the very open-graded materials such 
as the AASHTO No. 57 stone. Higher asphalt 
cement percentages are required when a less 
open-graded material is used. For example, New 
Jersey's asphalt cement stabilized permeable 
base gradation shown below requires 3 percent 
asphalt cement to coat the aggregates. For 
additional asphalt stabilized permeable base 
stability, a stiffer asphalt cement, such as an 
AC-40, should be used. It should be noted that 
if AC-40 is used the aggregate should be heated 
to 275 to 325 degrees Fahrenheit to stiffen the 
asphalt ctment. 
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2. Portland cement at 1 1/2 to 3 bags per cubic 
yard has also been used. As with asphalt cement 
stabilized permeable base, the amount of 
portland cement per cubic yard will depend on 
the voids and surface area of the aggregate in 
the permeable material. For example, California 
uses not less than 282 pounds of portland cement 
per cubic yard with a water-cement ratio of 
0.37. The permeability of this material is 
approximately 4,000 feet per day. Whereas 
Wisconsin with a more open material 
(permeability approximately 10,000 feet per day) 
has found that 200 pounds of portland cement per 
cubic yard and a water-cement ratio of 0.37 
provides adequate strength, durability, and 
stability. 

(b} Several SHA's use the AASHTO No. 57 gradation for 
their stabilized permeable base. This gradation and 
four other stabilized permeable gradations are as 
follows: 

Percentage Passing 
No. 57 California · Wis. New Jersey 

Sieve Size AC/PC Stab. AC Stab. PC Stab. PC Stab. AC Stab. 
l 1/2• 100 100 

l. 95-100 100 86-100 
3/4•· 90-100 X±22 
1/2• 25-60 35-65 
.3/B• 20-45 

No. 4 0-10 0-10 
No. 8 0-5 0·5 
No. 10 
Ho. 16 
No. 200 0-2 0-2 

X±22 
0-18 
0-7 

90-100 

20-55 
0-10 
o-s 
0-5 

Est. •K• 20,000. 
(feet per day} 

15,000 4,000 10,000 

100 
95-100 
85-100 
60-90 
15-25 
2-10 

2-5 
• 

1,000 

c·x· is the gradation which the contractor proposes to 
furnish for the specific sieve size). 

(* Add 2 percent (by weight of total mix) mineral 
filler). 

Its important to note that California uses different 
gradations for their stabilized permeable bases. The 
AC stabilized gradation is more open (30 percent 
voids} and has a high crushed content requirement, 
whereas the PC stabilized gradation is less open 
(14 percent votds) and has no crushed content 
requirement. 
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c. Base Thickness and Width. A minimum permeable base thickness of 
4 inches is suggested when the above gradations are used. This 
thickness should be adequate to overcQme any construction 
variances and provide an adequate hydraulic conduit to transmit 
the water to the edgedrain collector system. The permeable base 
should be placed 1 to 3 feet outside the edge of the pavement to 
provide a stable trackline for the paver (see Figure 1). 

d. Filter-Seo1rator Layer 

(l} 

(2) 

A filter-separator layer must be provided between the 
permeable base and the subbase/subgrade to prevent subgrade 
fines from infiltrating and contaminating the permeable 
baset to provide 1 working platform for construction 
equipment, and to provide support for the permeable base and 
pavement. Generally, a •inimum of 4 inches of dense-graded 
aggregate base is use¢. Because very little upward flow of 
water is expected from the subgrade, the permeab111ty 
criteria for filter layer design does not apply. Either 
aggregate or a geotextile can be used. However, a 
filter-separator layer over stabilized subbases/subgrades 
may not be needed provided the stabilized material is not 
subject to saturation or high pressures for an extended 
period of time. An asphalt prime coat placed on the 
stabilized subbase/subgrade would provide add1t1onal 
protection. Although, • geotextilt is generally more costly 
than 4 inches of dense-graded aggregate base, there may be 
instances where sufficient aggregate is not available and a 
geotextilt may be cost-effective. 

The following are reconmended criteria for the design 
gradation of the filter-separator layer. Both the 
filter-separator layer/subgrade and the permeable 
base/filter-separator layer interfaces must be considered. 
The gradation of the filter-separator must meet the 
requirements for the filter-sepatator layer/subgrade 
interface as listed below: 

EO. 1 D,, (Filter-Separator} s. 5 o. (Subgrade} 
[Separation requirement] 

EO. 2 o. (Filter-Separator) s. 25 o. (Subgrade) 
[Uniformity criteria for p1p1ng resistance] 

where the Dx is the size at which •x• percent of the 
particles, by weight, are smaller than that size. 

Similarly, the filter·separator layer must meet the 
requirements for the permeable base/filter-separator layer 
interface as listed below: 
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filL..1 01, (Base) S 5 0111 (Filter-Separator) 
[Separation requirement] 

.'1L..! D~ (Base) S 25 0~ (Filter-Separator) 
[Uniformity criteria for piping resistance] 

Plotting the results of these equations on a gradation chart 
eases the determination of the gradation of the 
filter-separator layer. An example problem illustrating the 
design is provided in Appendix A. 

Also, it is reconrnended that the filter-separator layer have 
a maximum of 12 percent passing the No. 200 sieve to ensure 
a dense-graded material without excess fines increasing the 
potential for loss of support or contamination of the 
permeable base. 

In addition, to ensure that the filter-separator layer is 
stable the following requirement is also reconnended: · 

20 s Coefficient of Uniformity s 40 

where Coefficient of Uniformity • D., <Filter) 
010 (Filter) 

. The term coefficient of uniformity (CU) is an indication of 
the grading of a material. For example, a uniform 
(one-size) material will have a small CU because the the 

- size of the o. material is very similar in size to that of 
the o.. Because it consists primarily of one-size 
material, 1t contains insufficient fines to fill the voids 
between. the larger particles and consequently it will have 
an open, more porous structure despite compaction. As a 
result it will be more easily displaced under load and have 
less supporting power. The most uniform granular material 
connonly encountered 1n engineering is standard Ottawa sand, 
which has a CU of approximately 1.1. Conversely, a 
well-graded material will have a large CU because the o. 
will be much larger than the 0,0 • A well-graded dense 
aggregate base material plotted on the maximum density line 
will have CU of between SD and 60. A well-graded material 
is relatively stable, can readily be compacted to a very 
dense condition, and will develop high shear resistance and 
bearing capacity. 

In most cases, a 4-inch dense-graded aggregate subbase will 
meet the filter-separator layer requirements for both the 
filter-separator layer/subgrade and the permeable 
base/filter-separator layer interfaces. In addition, 
4 inches of dense-graded aggregate subbase meets the CU 
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(3} 

criteria for stability providing an excellent working 
platform for construction of the permeable base. 

' Although not generally reco1T111ended, some SHA's use a 
geotext11e instead of an aggregate filter-separator layer. 
The principal advantage of the geotextile is uniform 
installation. The geotextile should have enough strength to 
survive the construction phase. Care should be used in 
placing the geotextile so that it is not damaged during 
construction. Base course materials must be placed so that 
the geotext1le 1s not damaged. Slit-film or most woven 
geotextiles should not be used as they do not prevent fines 
from pumping through the geotext11e. Geotext11es should 
meet the material requirements of the AASHTO-AGC-ARTBA Task 
Force 25 Specification shown in Appendix B. 

e. Construction Considerations . 

(l) 

(2) 

(3) 

Construction of unstabi11zed permeable bases requires care 
since these bases are subject to displacement by 
construction traffic. Unstabilized permeable bases are also 
subject to segregation of the material during placement. 
The addition of 2 to 3 percent water by weight of aggregate 
reduces the potential for segregation during hauling and 
placement. Care must also be exercised during construction 
operations to prevent cont111inat1on of the permeable base. 

Stabilized permeable bases have sufficient stability for 
paving equipment and construction traffic. However, because 
the material 1s open and must remain so to function 
properly. it is extremely important to prevent contamination 
of the permeable base from fine-grained materials. Also, 
the grade of the stabilized permeable base is more difficult 
to modify once it.has been placed and 
compacted/consolidated. 

SHA's. should be encouraged to restrict construction traffic 
from the permeable base. If the working area is restr;cted 
and construction equipment must travel on the permeable 
base, a stabilized permeable base should be considered. 

f. Comcaction of Permeable Base 

(1) General. Compaction or consolidation of the permeable base 
material is important. The conventional approach of 
requiring a fixed percent of a standard or target density 
may not be applicable. The purpose of compacting a 
permeable base is to seat the aggregate. A level of 
consolidation should bt specified which results 1n no 
appreciable displacement ·Of the base following compaction. 
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(2) 

(3) 

Unstabilized and Asphalt Stab11ized. Host SHA's specify one 
to three passes of a 4 to 10 ton steel-wheeled roller. Over 
rolling can cause degradation of. the material and a 
subsequent loss of permeability. Caution should be 
exercised when using vibratory rollers to compact permeable 
bases, as they can cause degradation, over densification, 
and a subsequent loss of permeability. 

Portland Cement Stabilized. Two methods of compacting or 
consolidating portland cement stabilized permeable base have 
been co11111only used; 1) rolling consisting of 1 to 3 passes 
of a 4 to 10 ton steel·wheeled roller (non-vibratory) and 
2) vibration using vibrating screeds or vibrating plates. 

g. Curing of Portland Cement Stabilized Permeable Base. Curing is 
another aspect that 1s of concern with portland cement stabilized 
permeable bases. Covering the permeable base with polyethylene 
sheeting for 3 to 5 days is one method used by a few SHA's. A 
fine water mist cure applied to the portland cement stabilized 
permeable base several times the day 1fter placement has been used 
by a few SHA's as well. The method that provides the desired 
strength and durability to allow for paving on the portland cement 
stabilized permeable base should be used. A SRA may want to 
construct a test strip of portland cement stabilized permeable 
base to determine which curing method to employ as well as which 
method of compaction/conso11dat1on to use. 

6. LONGITUPINAL EOGEDBAINS 

a. Edgedrain Design 

(1) 

(2) 

(3} 

General. Design considerations will vary for longitudinal 
edgedrains depending on whether they are used 1n a new or 
reconstructed case (for draining permeable base pavements) 
or in a retrofit case (for draining non-permeable base 
pavements). ·The amount of moisture to be drained and the 
presence or lack of fines and the condition of the 
base/subbase are important considerations in edgedrain 
design. 

Edaedrain for Permeable Bases. When a permeable base is 
used, all runoff that enters the pavement section should 
quickly drain to the edgedrain. The trench backfill 
material and edgedrain pipe must have adequate capacity to 
handle the flows. Erosion of fines should not be a problem 
since the base should contain very little erodible fine 
material. A longitudinal edgedra1n collector system that 1s 
open to the permeable b&se should be used. A geocomposite · 
fin drain is not recommended to drain a permeable base. 

Edgedrain for New Non·Ptnneable Base Pavement. Edgedrains . 
installed on a new non·~~r:neable base should function longer 
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than retrofit longitudinal edgedra1ns and are more likely to 
improve pavement performance. Tbis 1s because the pavement 
and base art in excellent condition and erosion of fines 
should be minimal as a result of small/few voids. 

(4} Retrofit Longitudinal Edaedrains 

(a) For retrofit longitudinal edgedrains, a f1eld survey 
should be perfonned on the existing pavement to 
determine its condition and drainage features. It is 
imperative that the existing pavement structure be no 
more than moderately distressed (1.e., less than 
S percent of the right lane requiring full depth 
replacement). Studies have shown that if the pavement 
1s severely cracked or has broken slabs, retrofit 
edgedrains may not be an appropriate rehabilitation 
technique unless· combined with a technique which also 
increases the structural capacity of the pavement such 
as an overlay. : 

(b) In any design analysis of retrofit longitudinal • 
edgedrains, there are two steps that must be followed 
to determine if the proposed design will accomplish 
its goal of pavement drainage; 1) identify the source 
of moisture, and 2) 1valuat1 the trodibility of base 
material. 

1. The first step is to identify the source of 
moisture that the edgedrains will drain. 
Retrofit longitudinal edgedrains will drain 
water that enters the pavement/shoulder joint 
and any water that infiltrates the PCC pavement 
slab and collects in voids along the slab/base 
interface or the base/subgrade interface. This 
is free water that follows the path of least 
resistance and ts strongly influenced by the 
effects of gravity. Any water that enters and 
ultimately saturates the dense graded base may 
take days or weeks to be drained by the retrofit 
longitudinal edgedrain. 

2. The second step is to evaluate the erod1bi11ty 
of the base material. If the base tends to have 
15 to 20 percent or more fines (minus 200 sieve 
material), it will probably be highly erodible. 
A geotextile around the drain will not prevent 
fines frOll being eroded from the base material. 
The geotextile controls what happens to the 
fines after they migrate to the edgedra1n. The 
AOS of tht 9eotexti1e determines the size of the 
soil particles th1t will be retained and those 
that will pass through the geotext11e. The 
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selection of the AOS for soils with a high 
percentage of fines becomes a trade-off between 
allowing the fines to pass through the 
geotextile and clogging the drain and preventing 
the fines from passing and clogging and/or 
blinding the geotextile. If an excessive amount 
of fines are eroding from the base, retrofit 
longitudinal edgedrains will not be effective in 
extending the pavement life and may actually be 
detrimental by carrying eroded fines away. 

(5) Adequate Relief. For both the permeable base and retrofit 
cases, the cross section of the highway surface must have 
suffic'ient relief to provide positive drainage to the 
roadside ditches. Subsurface and surface drainage must be 
coordinated. If sufficient relief does not exist, lateral 
outlet pipes carried out to the ditch may not be feasible 
and an enclosed drain pipe system may have to be 
constructed. In addition, shallow ditches result in the 
water being closer to the pavement structure than with deep 
ditches. 

(6) Transition from Edgedrain to Outlet. The transition from 
the edgedrain pipe to the lateral outlet pipe should be 
gradual to facilitate cleaning. Radii of 2 to 3 feet for 
pipe bends should be used. The radii should permit the use 
of jet rodding or cleaning equipment. Tee's should not be 
used on conventional trench/pipe edgedrains. Some SHA's 
incorporate cleanouts and/or vents into their edgedrain 
system to improve flow and to facilitate cleaning. 

b. Longitudinal Edgedrain Types 

(1) Pipe Edgedrafn. Conventional pipe edgedrains have a 
relatively high hydraulic capacity and can be maintained. 
Retrofit pipe·edgedrains should be used with caution.when 
the existing base has mare than 20 percent minus ZOO sieve 
material. The edgedrain should be large enough to allow 
placement of and compaction around a 3 to 6 inch pipe laid 
in the bottom of the trench which has been partially wrapped 
with a geotextf le and backfilled with a permeable coarse 
aggregate material. Figure 2 shows the suggested edgedrain 
configuration. An aggregate trench without a pipe conduit 
is not reconnended because of the much smaller hydraulic 
capacity and inability to be cleaned. Because the 
geotextile serves as a filter layer, the permeability of a 
geotextile must meet the requirements for filter layers 
noted in section 6.f .(4). 
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PCC Pavement AC Shoulder 

Trench EdgedraJn 

PCC Pavement AC Shoulder 

Shallow Edgedraln 

Figure 2. Retrofit Pipe Edgedrains 

(2) Geocomposite Fin Drains 

(a) 

(b) 

A geocomposite fin drain consists of a plastic core, 
usually rectangular shaped, surrounded by a 
geotextile. The geotext11e retains the soil particles 
while allowing the water to drain into the core. The 
plastic core provides the structural capacity and acts 
as a conduit for the water. Many different types of 
proprietary geocompos1te fin drains are connerc1a11y 
available. 

The primary advantage of geocomposites is the ease of 
installation. Since the trench width is usually only 
4 to 5 inches and excavated material is used to 
backfill the trench, installation costs can be 
reduced. However, the long-term performance of 
geocomposites is under evaluation. A typical 
geocomposite fin drain installation is shown in 
Figure 3. Geocomposite fin drains should be used with 
caution when the existing base has more than 
15 percent minus 200 sieve material. There is a 
greater potent1•l for plugging ·of the core under this 
condition. 
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PCC Pavement AC Shculder 

Figure 3. Retrofit Geocomposite Fin Drain 

c. Edgedrain Location. For the retrofit case, the edgedrain should 
be located adjacent to the pavement under the shoulder so that 
water entering the pavement/shoulder joint can drain rapidly. In 
the retrofit case, the edgedra1n should be placed primarily to 
intercept flow from the slab/base interface. Dense·graded 
impermeable bases, subbases, and subgrades cannot effectively be 
drained. With the retrofit case where tied PCC shoulders exist, 
the edgedra1n should generally be located along the outside edge 
of the shoulder. For the edgedra1n location on a new or 
reconstructed pavement with a permeable base refer to Figure 1. 

d. Geotextile Design 

(1) 

(2) 

As voids develop at the slab/base interface, free water 
under pressure from moving heavy wheel loads will erode 
fines in the base material. These fines will migrate to the 
edgedra1n. If the edgedra1n 1s completely wrapped in a 
geotextile, eroded fines may collect on the surface and 
blind the geotextile or get trapped within the matrix and 
clog the geotextile. Once the geotext11e has been blinded 
or clogged, there is no path for the water to escape and the 
entire pavement section will become saturated. This 
condition will reduce subgrade strength, accelerating 
pavement deterioration. 

Most geotextiles used for pavement drainage and filtration 
applications have AOS's in the 40 to 70 range. It is 
important that the permeability of the geotextile be greater 
than that of the adjacent base material. This ensures rapid 
removal of water that migrates to the slab/base interface, 
and to a much lesser extent, allows water to drain from the 
base while retaining· the base material. The reconmended 
permeability of a geotextile should be within a range of 
4 to 10 times the permeability of the adjacent base. Most 
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(3) 

(4) 

(5) 

of the geotextiles used by SHA's in pavement 
drainage/filtration applications have a permeability in the 
range of 100 to 500 feet per day~ While these rates are 
much greater than that of most existing dense-graded base 
materials, they may be much less than the permeability of 
most permeable bases. 

The greater the percentage of f1nes 1n the base material, 
and the more free water present in the base; the more 
aggravated the potential clogging problem will be. 
Regardless of the geotextile placement, fines will be eroded 
from the base. The geotext11e only controls what happens to 
the fines after erosion (i.e., retain or allow to pass 
through). 

It is reco11111ended that the trench only be partially wrapped 
with a geotextile as shown in Figure 2. By eliminating the 
geotextile at the slab/base interface, free water entering 
at the pavement/shoulder joint and water flowing at the 
slab/base interface will be drained. This will drastically 
reduce the time water is available to saturate the base. 
Partially wrapping the trench creates the best hydraulic 
conditions for draining the free water present. 

The trench for the longitudinal edgedra1n collector system 
for a permeable base is generally lined with a geotextile. 
However, the top of the trench is left open to the permeable. 
base to allow water a direct path into the collector system. 
See Figure 1. 

e. Collector P1oe. Most SHA's use flexible, corrugated polyethylene 
(CPE) or smooth rigid polyvinyl chloride {PVC) pipe. Pipe should 
c~nfonn to the appropriate State or AASHTO Specification. For CPE 
pipe, AASHTO specification H 252 Corrugated Polyethylene Drainage 
Tubing is suggested, while for PVC pipe, AASHTO Specification 
M 278, Class PC 50 Polyvinyl Chloride (PVC) Pipe, is reco111nended. 
If the pipe will be installed 1n trenches that are to be 
backfilled with asphalt stabilized permeable material (ASPM), the 
pipe must be capable of withstanding the temperature of the ASPM. 
PVC 90 degree centigrade electric plastic conduct, EPC-40 or 
EPC-80 conforming to the requirements of National Electrical 
Manufacturers Association (NEMA) Specification TC-2 is suggested 
when ASPM 1s used as a trench backfill. 

f. Trench Backfill 

(1) The edgedra1n trench should be backfilled with a permeable 
material to rapidly convey water to the drainage pipe. Many 
SHA's use the AASHTO No. 57 stone for trench backfill. This 
material can be unstibi1ized or stabilized. Unless the 
unstab1lized permeable bickfill material 1s properly 
compacted, settlement over the edgedrain may occur. A 
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g. 

h. 

(2) 

solution to the settlement problem is to use a stabilized 
permeable backfill material. Gradations similar to 
stabilized permeable base as discussed in paragraph 6.b. can 
be used for backfill. If asphalt cement stabilized backfill 
is used, geotextiles and pipes which will withstand the 
temperatures of the material must be specified. 

For geocomposites, the trench is usually backfilled with the 
previously excavated material. Care must be taken in the 
backfilling so that the geocomposite is not damaged. Proper 
compaction of the backfill is necessary to keep the 
geocomposite aligned, held tight against the pavement, and 
to prevent settlement. 

Trench Cap. The edgedrain trench should be capped with a layer of 
like shoulder material. The longitudinal pavement/shoulder joint 
should be sealed to reduce the infiltration of surface water into 
the pavement structure. 

lateral Outlet Pipe. The installation of the outlet pipe is 
critical to the edgedrain system. It is reco11111ended that a metal 
or rigid solid-walled pipe be used for the lateral outlet pipe to 
ensure the proper grade. Also they are less susceptible to 
crushing by mowing operations or emergency stops by heavy vehicles 
than.flexible pipe. A 3 percent slope to the ditch as shown in 
Figure 4 is reco11111ended. This will ensure that the pipe will 
drain if there is· a slight variance of the pipe grade. A 
collector pipe system may have to be installed if ditches or 
medians are too flat to outlet the pipe. The invert of the outlet 
pipe should be at least 6 inches above the 10-year design flow in 
the ditch. Outlet pipes should be connected to existing storm 
drains or inlets, if possible, to provide better gradient and to 
reduce outlet maintenance. The trench for the outlet pipe must be 
backfilled with a material of low permeability, or provided with a 
cut-off wall or diaphragm, to prevent piping. Also, subsurface 
drainage design should-be coordinated with surface drainage. 

Rigid Solid.wall Pipe 

6-inch min. 
<·•:-: --------------- ------------· ...... . 
· · · · · -----------3"·mrn:··-·:.:.::.:..:.e;. · · · ·· Freeb~ 

Edgedrain 10-year Design Flow 

Figure 4. Ou11et Pipe Design 
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1. 

j. 

k. 

1. 

m. 

Oytlet Soac1ng. The purpose of subsurface drainage is to remove 
water from the pavement structure as quickly as possible; 
therefore, outlet spacing should be ltmited to 250 to 300 feet. 
The edgedrain should be segmented so that each section drains 
independently. t 

Headwalls. Headwalls are reconnended because they provide the 
following functions: 1) protect outlet p1pe from damage, 
2) prevent slope erosion, and 3) facilitate the location of outlet 
pipes. Headwalls should be placed flush with the slope so that 
mowing operations are not impaired. Positive grades should be 
provided so that the headwall apron will drain. Both 
cast-in-place and precast concrete headwalls can be used. The 
important consideration 1s 1111nta1n1ng the outlet pipe grade. 
Some SHA's have used a metal pipe sleeve around plastic outlet 
pipes that extend 4 to 5 feet into the fill to protect the outlet 
pipe. A reconnended design is shown in Figure 5. 

Rodent Screens. Rodent screens are recoaaended as rodents have 
been reported to damage geocomposite fin drains and build nests in 
pipe edgedrains. The opening size of the rodent screen should be 
between 1/4 and 3/8-inch square. Erosion of base fines can build 
up on rodent screens and restrict the outf1 ow. · Rodent screens 
should be easily removable so that the screens and the outlet 
pipes can be cleaned (see Figure 5). · 

Reference Markers. Reference markers are recollll'lended because they 
facilitate locating edgedrain outlets for maintenance or 
observation. Some SHA's use a simple flexible delineator post to 
mark the outlet, while others use a painted arrow or other marking 
on the shoulder. 

Horizontal Cross Dr1in. In some cases, a horizontal cross drain 
may be required as part of a permeable base. A cross drain must 
be provided at the low-end terminal of penr~able base projects 
(1.e., abutting impermeable base pavement, a bridge approach slab, 
a sleeper slab, a pavement end anchor or a pressure relief joint). 
In such cases, 1 rectangular trench lined with geotextile 
containing a collector pipe and backfilled with permeable material 
should be used. The trench should be a minimum of 1-foot deep, 
2 feet long, and running the full width of the pavement (see 
Figure 6). The use of horizontal cross drains on steep grades is 
generally not necessary. Theoretically, these drains will only 
collect a small quantity of water. However, in areas such as sag 
vertical curves or in horizontal curve transition areas horizontal 
cross drains should be considered. Coordination of the cross 
drains with the longitudinal structural section drainage systems 
is important. 
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Figure 6. Precast Concrete Headwall with Removable Rodent Screen 
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PCC Pavement Existing Pavement 
or Approach Slab 

Filteror / 
Separator 1..lyer 

Geotextfle P.ermeable Material 
Collector Pipe 

Figure 6. Horizontal Cross Drain 

n. Construction Considerations 

(l) 

(2) 

Attention to det111s when constructing the longitudinal 
edgedrain collector system is critical to proper performance 
of the edgedrain, whether in 1 retrofit case or as part of a 
permeable base. As with any other drain1ge facility, 
correct line and grade are critical to the hydraulic 
function of the edgedra1ns. The placement of the lateral 
outlet pipe in the trench is very important. High or low 
spots in the trench must be avoided. The slope of the 
lateral outlet pipe should be equal to or greater than that 
of the longitudinal edgedrain. 

To prevent water entrapment, it is critical that the exposed 
end of the pipe is not turned upward or otherwise elevated 
due to poor construction procedures. There have been some 
problems noted where the slope of the embankment has 
prevented a good fit of the lateral pipe into the slope. In 
a few States, headwall aprons were observed with a reverse 
grade. Because of improper construction, placement, or 
settlement, the headwall apron sloped back towards the pipe. 
Another problem observed was the curling up of the last few 
feet of flexible outlet pipe resulting in a non-draining 
outlet. This increases the potential for pavement problems 
by not allowing accumulated free water adjacent to the 
pavement structure to drain as rapidly. The pipe curling 
problem was not observed in those States where rigid lateral 
outlet pipes were used. 
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(3) 

(4) 

Proper joint seal construction can significantly reduce the 
amount of moisture entering the pavement. 

If undersealing is needed, it should precede the 
installation of an edgedrain system because of the potential 
for this operation to contaminate the geotextile and/or 
aggregate backfill materials. 

o. Maintenance 

(1) Maintenance is critical to the continued success of any 
longitudinal edgedra1n system. Inadequate maintenance is a 
universal problem. The combination of vegetative growth, 
roadside slope debris, and fines discharging from the 
edgedrains will eventually plug the outlet pipe. Often, 
outlets can not be found because they are completely covered 
with vegetative growth and/or roadside slope debris. When 
outlets that could be found were unplugged, water surged 
from the pipes. 

(2) It is obvious that if maintenance personnel cannot find the 
outlets no maintenance can be performed. SHA's that used 
concrete headwalls and/or reference markers had better 

· success at finding outlets. The outlets could be found and 
maintenance provided. 

{3) SHA's should be encouraged to mow around the outlets and 
clean the outlet pipes a minimum of twice·each year. 

{4) Periodic flushing or jet rodding of the edgedrain system is 
important to the continued performance. Therefore, it is 
important to have the pipe aligned with the proper radii to 
facilitate this maintenance operation. It is suggested that 
plan sheets showing alignment of drains and outlets and 
details.on curved connectors. ' 

(5) Maintenance policies should recognize the benefits and 
necessity of maintaining the joint sealant and thus 
preventing water from infiltrating into the base layer. 
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APPENDIX A 

•filter-Separator Layer Design• Example Problem 

A typical subgrade gradation and the unstabilized permeable base gradation 
from page 10 were selected for this problem. The'first step is to plot the 
gradation of both the permeable base and the subgrade on a gradation chart 
(shown by the sol;d lines on Figure A-1). · 

Then using Figure A-1, determine the o., o., and D,1 particle sizes from the 
permeable base and subgrade gradation curves: 

Permeable 
Base Cml SubQrade Cm) 

o. 17.0 0.65 

0. 6.0 0.13 

D" 1.85 0.038 

where the Ox equals the grain size that •x• percent of the 
particles, by weight, are smaller. 

The next step is to apply the design equations (from page 12) to the 
filter-separator/subgrade interface and plot the points on a gradation chart 
(Figure A-1): 

EO. 1 D,, (Filter-Separator} i 5 o. {Subgrade) 

D" (Filter-Separator) i S x 0.65 

011 (Filter-Separator} i 3.25 m 

.E!L...l O. (Filter-Separator) i 2so. (Subgrade) 

o. (Filter-Separator) i 25 x 0.13 
o. (Filter-Separator) < 3.25 .. 

The equation 1 and 2 criteria are superimposed on the gradation curves as 
shown by the triangular points on Figure A-1. 
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Figure A-2 

Once the mid-points of the gradation band are plotted the CU (0./0,0 ) can be 
determined. It is reconnended that the gradation meet the requirement that 
the CU be ~ 20 and s 40 (requirement from page 12) to ensure that the 
gradation is well-graded and stable. For example, when plotted on Figure A-2, 
Gradation No. 1 indicates that the gradation meets the filter-separator 
criteria and the maximum 12 percent fines criteria. 

The final step is to pick out the Om and 010 on the dashed line (circular 
points) and calculate the CU. The CU for this gradation is 38.S (D./D,

0 
• 

3.85 11111/0.l 11111} which falls within the recoiranended criteria indicating a 
well-graded and stable gradation. -

Sieve Size 
1 1/2 inch 
3/4 inch 

No. 4 
No. 16 
No. 40 

No. 100 
No. 200 

Percentage Passing 
Gradation No. 1 Gradation No. 2 

100 
85-100 
50-80 

20-35 

5-12 

100 
60-75 
35-50 
15-30 
5-12 

Gradation No. 2 (on Figure A-2) is a coarse sand gradation which also meets 
the filter-separator criteria and the maximum 12 percent fines criteria. 
However, it has a CU of 9.75 (D./D,0 • 0.78 111n/0.8 mm) indicating a more 
uniform, less stable gradation which doesn't Meet the recommended criteria. 
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The next step 1s to apply the design equations (from page 12) to the permeable 
base/filter-separator interface and plot the points on the gradation chart: 

EO. 3 011 (Base) s 5 D. (Filter-Separator) 

1.85 s 5 o. (Filter-Separator) 

o. (Filter-Separator) ? .37 .. 

ID.:....! o. (Base) s 25 o. (Filter-Separator) 

6.0 .s 25 o. (Filter-Separator) 

o. (Filter-Separator) ~ .24 .. 

The equation 3 and 4 criteria are superimposed on the gradation curve as shown 
by the hexagonal points on Figure A-1. 

The mid-point of the filter-separator layer gradation band must fall within 
the lines joining the two triangular and two hexagonal points determined by 
the previous equations to meet the criteria. In addition, it 1s recomnended 
that the gradation have 12 percent or less of the ·material passing the 
No. 200 sieve (square point on Figure A·l). 
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APPENDIX B 

TABLE 1 
PHYSICAL REQUIREMENTS ~ 

FOR DRAINAGE GEOTEXTILES 

From AASHTO-AGC-ARTBA Task Force 25 

Property 

Grab Strength (lbs.) 

Elongation (~) 

Seam Strength' (lbs.) 

Puncture Strength (lbs.) 

Burst Strength (psi) 

Tear Strength (lbs.) 
(Trapezoidal Tear) 

Apparent . . 1. 
Opening Size 
US Std. Sieve 

2. 

Drainage a 
Cl ass A' Cl ass 81 

180 80 

N/A N/A 

160 70 

80 25 

290 130 

50 25 

Soil with 50 percent or less 
particles by weight passing US 
No. 200 Sieve, ADS less than 
0.6 11111 (greater than No. 30 
US Std. Sieve) 

Soil with more than SO percent 
particles by weight passing US 
No. 200 Sieve, AOS less than 
0.3 11111 (greater than 
No. SO US Std. Sieve) 

.. 
Permeabil ity1 

(cm/sec) 
k geotextile > k soil for all classes 

Ultraviolet 
Degradation 
at 150 hours 

70 percent Strength retained for all 
classes 

Test Method 

ASTM 0-4632 

ASTM 0-4632 

ASTM D-4632 

ASTM D-4833 (Mod.) 

ASTM 0-3786 

ASTM D-4533 

ASTM D-4751 

ASTM 04491 

ASTM 04355 

Acceptance of geotextile material shall be based on Task Force 25 
acceptance/rejection guidelines. 

Contracting agency may require a.letter from the supplier 
certifying that its geotext11e meets specification requirements. 
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• 
., 

Minimum - Use value in weaker principal direction. Numerical 
values represent minimum average roll value (i.e., [average] test 
results from any sar.lpled roll in a lot shall meet or exceed the 
minimum values in the Table). Stated .values are for non-critical, 
non-severe applications. Lots sampled according to ASTM 04354. 

Class A Drainage applicati·ons for geotextiles are where 
installation stresses are more severe than Class B applications, 
1.e., very coarse sharp angular aggregate is used, a heavy degree 
of compaction (95 percent or greater AASHTO T99) is specified or 
depth of trench is greater than 10 feet. 

Class B Drainage applications are those where geotextile is used 
with smooth graded surfaces having no sharp angular projections, 
no sharp angular aggregate is used; no compaction requirements are 
light, (less than 95 percent AASHTO T99), and trenches are less 
than 10 feet in width. · 

Values apply to both field and manufactured seams • 

A nominal coefficient of permeab111ty may be determined by 
multiplying permittivity value by nominal thickness. The k value 
of the geotext11e should be greater then the k value of the soil. 

5.1.36 

Arch
ive

d



APPENDIX B 

TABLE 2 
PHYSICAL REQUIREMENTS 

FOR SEPARATION APPLICATIONS1 

(From AASHTO-AGC-ARTBA Task Force 25) 

< 50 PERCENT ELONGATION I > 50 PERCENT ELONGATIO~ 

GRAB PUNCTURE 
STRENGTH RESISTANCE 

SURVIVABILITY ASTM-D 463Z ASTH D 4833 
LEVEL lLBSl CLBSl 

HIGH Z70/180 100/75 

MEDIUM 180/115 70/40 

ADQITIONAL REQUIREMENTS 

APPARENT OPENING SIZE (AOS) 

1. Less than 504' soil passing a Std. US 
No. 200 sieve, AOS < 0.6 nn. 

2. More than 504' soil passing a Std. US 
No. 200 sieve, AOS < 0.3 nn. 

PERMEABILITY 

l. k of the geotextile > k of the soil 
(permittivity times the nominal 
geotextile thickness). 

ULTRAVIOLET DEGRADATION 

1. At 150 hours exposure, 7Di strength 
retained for all cases. 

GEOTEXTILE ACCEPTANCE 

1 Values shown are minimal roll average values. 

TRAPEZOIDAL TEAR 
STRENGTH 

ASTM D 4533 
CLBSl 

100/75 

70/40 

TEST METHODS 

ASTM D 4751 

ASTM 0 4491 

ASTH D 4355 

ASTM D 4759 

Strength values are in the weaker principle direction. 
2 Elongation as determined by ASTM D 4632. 
2 The values of geotextile elongation do not ·imply the allowable 

consolidation properties of the subgrade soil. These must be determined by a 
separate investigation. 
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to develop a state-of-the-practice report on edgedrain design by the 
States reviewed. 

In the third phase, In-depth Analysis, the pavement at the test sites 
will be instrumented and data will be collected over a 1-year period. 
Rainfall and edgedrain outlet discharge rates and patterns will be 
recorded. Soil moisture and pressure transducer gauges will be 
installed in an attempt to identify moisture conditions under the 
pavement. Dye will be injected into the pavement structure in an effort 
to identify subsurface flow patterns. 

Nondestructive testing will be accomplished by viewing the edgedrain 
pipe with a borescope. Fau1ting and deflection measurements may be 
taken to determine the condition of pavements. 

Test ptts will be dug, and the edgedrain trench excavated. Visual 
observations will be made of the pipe, filter fabric, backfill material, 
base material and slab/base interface. Permeability tests will be run 
on the filter fabric and backfill material. 

The fourth phase, Analysis and Evaluation, will analyze the data that 
has been gathered and attempt to evaluate the performance of 
longitudinal edgedrains. A final report outlining the findings of the 
study will be prepared. 

The Water Resources Division of the U.S. Geological Survey (USGS) has 
been retained to instrument the pavements, analyze the data, and prepare 
the final report. Since the USGS has a District office in each State, 
they will have easy access to the test site. USGS's experience in water 
data collection and testing should enhance the quality of the project. 

Individual SHA's will provide the necessary traffic control, core 
drilling, saw cuts, and trench excavation. 

1.3 Project Selection Criteria and State Selection 

It was necessary to develop project selection criteria for selecting the 
State and projects to be included in the review. The first criteria was 
that the States selected should have a geographic spread so that the 
study would represent nationwide conditions. 

The most important criteria was that the retrofit longitudinal 
edgedrains were installed 3 to 10 years prior on PCC pavements showing 
only a moderate amount of distress. It is believed that this condition 
will best represent the merits of providing retrofit longitudinal 
edgedrains. Another criteria that works in concert with this one is the 
need for a control section. By identifying a similar pavement that was 
not retrofitted with edgedrains, the rates of deterioration can be 
compared. If a control section was not available, consideration will be 
given to plugging of the drain on the selected section to simulate an 
undrained condition. 
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A PCC pavement not having received an asphalt concrete {AC) overlay was 
also a project criteria. The need to have the pavement directly subject 
to rainfall was recognized. A lesser criteria was that the project be 
located relatively near the State Capital so that it would receive the 
necessary attention during the instrumentation phase. 

Submissions describing the projects available in the individual States 
were forwarded to FHWA for review. After an in-depth review the 
following States were selected; Alabama, Arkansas, California, Illinois, 
Minnesota, New York, North Carolina, Oregon, West Virginia, and Wyoming. 

2.0 SUMMARY OF STATES' PHILOSOPHY ON RETROFIT EDGEDRAIN DESIGN 

The basic approach to edgedrain design varied among the States reviewed. 
Each State believes that its particular design best meets the needs of 
the State. The following is a discussion of each State's basic approach 
to edgedrain design. 

2.1 Alabama 

Rehabilitation of high-type (Interstate} PCC pavements in Alabama 
includes installation of longitudinal edgedrains (an aggregate trench 
drain). New PCC pavements also are constructed with the same 
longitudinal edgedrain design. Since water is being drained the State 
feels that edgedrains are beneficial. The State is pleased with its 
edgedrain design and believes edgedrains extend the service life of its 
PCC pavements. Alabama's standard PCC pavement section is a dowelled 
jointed plain concrete pavement {JPCP) consisting of 9 inches of PCC 
over 6 inches of soil subbase which has been stabilized with 7 percent 
cement. Beneath this is a 6-inch layer of soil subbase on top of 12 
inches of improved roadbed. The soil subbase contains up to 40 percent 
minus No. 200 sieve material. 

2.2 Arkansas 

Arkansas has been installing longitudinal edgedrains on PCC pavements 
since 1975/76. Approximately 150-200 lane miles of edgedrains have been 
installed in that time with the basic edgedrain design remaining the 
same. Arkansas' edgedrains are designed to rapidly drain the water that 
migrates to the slab/base interface and to permit the draining of 
infiltrated moisture trapped in the poor draining base (the majority of 
PCC pavements in Arkansas were constructed on a crushed stone or gravel 
base with very low permeability). 

Arkansas' PCC pavements are generally 10-inch jointed reinforced 
concrete pavements (JRCP) with dowelled contraction joints at 45-foot 
spacing. Warping joints are also constructed at 15-foot intervals in 
the slab. Rehabilitation of PCC pavements in Arkansas generally 
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consists of installing edgedrains in conjunction with concrete pavement 
restoration (CPR). It is hoped that rehabilitation will give an 
additional 10 years of service life to the pavement. Arkansas does not 
have any quantitative criteria for when to install retrofit longitudinal 
edgedrains. Installation is based on visual observations of moisture 
related distress. 

2.3 California 

Retrofit longitudinal edgedrains were California's first attempt at 
pavement drainage. They have been installing retrofit longitudinal 
edgedrains (on PCC pavements only) on a routine basis since 1978. Over 
500 lane miles of edgedrains have been installed since then. Most of 
California's PCC pavements are plain jointed undowelled with short joint 
spacing (15 feet) constructed over a cement treated base (CTB) or lean 
concrete base (LCB) placed over a minimum 24 inches of aggregate subbase 
with an R-value of 50. Their edgedrains are designed to rapidly drain 
the water that migrates to the slab/base interface. Generally, no other 
work is performed on the pavement at the time retrofit longitudinal 
edgedrains are installed. It is hoped that edgedrains will give an 
additional 10-15 years of service life to the pavement. Edgedrains are 
installed along the outside lane only, except in superelevated sections 
where they are installed along the inside lane as well. 

California was the only State that evaluated the effect retrofit 
longitudinal drains have on PCC pavement performance. Based on this 
evaluation, the following criteria were developed for installing 
retrofit longitudinal edgedrains on PCC pavement: 

PCC pavement: 

1) with no more than 10 percent first stage cracking (one crack per 
panel) and/or 1 percent third stage cracking (fragmentation of the 
slab as evidenced by three or more interconnecting cracks}; 

2) that is no more than 10 years old; and 
3) with less than 13 million accumulated ESAL's {equivalent single 

axle loads). 

2.4 Illinois 

Illinois has been installing longitudinal edgedrains (on PCC pavements 
primarily) on a routine basis since 1971. From 1976 to 1985 an average 
of 1.9 million feet of edgedrain was installed. Illinois' edgedrains 
are designed to rapidly drain the water that migrates to the slab/base 
interface, to permit the draining of infiltrated moisture trapped in the 
poor draining base (the majority of PCC pavements in Illinois were 
constructed on a dense graded aggregate base (OGAS} or bituminous 
aggregate material {BAM)), and to drain the subgrade. Rehabilitation of 
PCC pavements {both JRCP and continuously reinforced concrete pavement 
{CRCP)} in Illinois generally consists of installing edgedrains prior to 
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shoulder reconstruction nr overlaying with AC. Approximately one-half 
of new high-type pavements are constructed of CRCP and one-half are 
constructed of JRCP. 

Illinois believes that any drainage is better than no drainage. There 
is no expectation of additional service life with retrofit longitudinal 
edgedrains although it is believed that drainage does increase the life 
of· the pavement. 

The cost of edgedrains has remained in the $2-$3 per linear foot range 
since 1977. Edgedrains are installed along the outside lane and where 
feasible, are installed along the inside lane (in the median) as well. 

2.5 H1nnesota 

Minnesota has been installing longitudinal edgedrains (on PCC pavements 
only) on a routine basis since 1979/80. Over 1100 lane miles of 
edgedrains have been installed since then. Minnesota's edgedrains are 
designed to rapidly drain the water that migrates to the slab/base 
interface. to permit the draining of infiltrated moisture trapped in the 
poor draining base (the majority of PCC pavement in Minnesota were 
constructed on a OGAB), and to prevent the stripping in the AC overlay, 
when used. Rehabilitation of PCC pavement in Minnesota generally 
consists of installing edgedrains prior to overlaying.with AC. It is 
hoped that rehabilitation will give an additional 10 years of service 
life to the pavement. 

Minnesota has not been able to conclusively prove edgedrains are cost­
effective. The State feels that the drains are so inexpensive ($1.00 
$1.25 per linear foot) that they can't afford not to put them in. 
Retrofit longitudinal edgedrains are looked upon as cheap insurance. 
The State feels that if retrofit longitudinal edgedrains give only an 
additional 2-3 years of service life to the pavement the edgedrains will 
have paid for themselves. Edgedrains are installed along the outside 
lane and where feasible, are installed along the inside lane (in the 
median) as well. 

2.6 New York 

New York has been installing longitudinal edgedrains on PCC and AC 
pavements since 1977. Approximately 600 miles of new and retrofit 
edgedrains have been installed since then. New York's edgedrains on PCC 
pavements are designed primarily to rapidly drain infiltrated water that 
migrates to the slab/base interface and secondarily to permit the 
draining of infiltrated moisture trapped in the poor draining base (the 
majority of PCC pavements in New York were constructed on a granular 
base daylighted to the ditch). Rehabilitation of PCC pavements in New 
York generally consists of installing edgedrains prior to overlaying 
with AC. 
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Installation of longitudinal edgedrains varies from state region to 
state region. Edgedrain installation is based on field inspection of 
perceived need. Edgedrains are relatively expensive to install in New 
York; therefore, good engineering requires discriminate application. 
Cost is estimated from $10-$12 per linear foot. Cost of edgedrains in 
New York is believe to be much higher because of increased labor costs. 
Edgedrains are installed along the outside lane and where feasible, 
along the inside lane (in the median) as well. 

2.7 North Carolina 

North Carolina has been installing longitudinal edgedrains on PCC 
pavements on a routine basis since 1979/80. North Carolina's edgedrains 
are designed to rapidly drain the water that migrates to the slab/base 
interface and to permit the draining of infiltrated moisture trapped in 
the poor draining base (the majority of PCC pavements in North Carolina 
were constructed on a DGAB). Rehabilitation of PCC pavements in North 
Carolina generally consfsts of installing edgedrains a• part of CPR. It 
is hoped that rehabilitation will give an additional 10 years of service 
life to the pavement. All new construction receive edgedrains on the 
low side of the pavement. They are looked upon as cheap insurance. 

2.8 Oregon 

Oregon has been installing longitudinal edgedrains on PCC pavements on a 
routine basis since 1978/79. Oregon's edgedrains are designed to 
rapidly drain the water that migrates to the slab/base interface and to 
permit the draining of infiltrated moisture trapped in the poor draining 
base (the majority of PCC pavements in Oregon were constructed on a 
DGAB). Edgedrains are also used to control groundwater. New or 
reconstructed PCC pavements are generally continuously reinforced placed 
over LCB. Edgedrains are installed on new and reconstructed PCC 
pavements if moisture related distress is anticipated or has been a 
problem in the past. Rehabilitation of PCC pavements in Oregon 
generally consists of installing edgedrains prior to overlaying with AC. 
It is hoped that rehabilitation will give an additional 10 years of 
service life to the pavement. There are no quantitative criteria for 
the installation of retrofit longitudinal edgedrains. Installation is 
based on perceived need (;.e., pumping or some other moisture related 
distress). Edgedrains are considered on all Interstate rehabilitation 
projects on a case by case basis. Most of the edgedrain projects have 
been in the I-5 corridor because of the higher precipitation experienced 
on the western side of the Cascade Mountain Range. Edgedrains have not 
been used extensively on other road systems. 

Oregon has not developed data proving edgedrains are cost-effective. 
However, they are inexpensive {approximately $2.50 per linear foot). 
Edgedrains are installed along the outside lane primarily and along the 
inside lane {in the median) on superelevated sections. 
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2.9 West Virginia 

West Virginia has been installing longitudinal edgedrains on cracked and 
seated (C&S) PCC pavements only since 1981/82. West Virginia's 
edgedrains are designed to drain surface water that infiltrates through 
the pavement and water that migrates up through the underlying layers. 
The edgedrain also drains water that is trapped in the poor draining 
base (the majority of PCC pavements in West Virginia are constructed on 
6 inches of OGAS). Most PCC pavements are 9-inch jointed reinforced and 
dowelled with 61.5-foot joint spacing. Rehabilitation of PCC pavements 
in West Virginia generally consists of installing edgedrains prior to 
cracking the PCC into lZ- to 18-inch pieces and overlaying with 3 to 
4 inches of AC. The age of the PCC pavements at rehabilitation is 
generally 18 years. It is hoped that this rehabilitation will give an 
additional 10-15 years of service life to the pavement. At present, the 
State does not install edgedrains on rehabilitated AC pavements. The 
State does not have any quantitative criteria for installing retrofit 
longitudinal edgedrains. Evidence of pumping and/or other moisture 
related distress is the determining factor on whether edgedrains are to 
be installed. Edgedrains are installed along the outside lane primarily 
and along the ins;de lane c;n the median) on superelevated sections. 

2.10 Wvom1nq 

Late in 1987, Wyoming began installing longitudinal edgedrains on PCC 
pavements only. Wyoming's edgedrains are designed to rapidly drain 
water that migrates to the slab/base interface and to permit the 
draining of infiltrated moisture trapped in the poor draining base (the 
majority of PCC pavements in Wyoming were constructed on a 6-inch OGAB). 
Most PCC pavements constructed in Wyoming are 8-inch JPCP with skewed 
joints (2 feet in 12 feet) spaced at 18, 19, 13, and 12 feet. 
Rehabilitation of PCC pavements in Wyoming is also just beginning andt 
to date, consists of some CPR techniques (i.e., patching and slab 
replacement) and the installation of retrofit longitudinal edgedrains. 
The State hopes that edgedrains will help reduce the faulting (1/4- to 
1/2-inch) that is occutring on their JPCP's. There is not much evidence 
of pumping on their pavements. Wyoming's edgedrains are installed along 
the outside lane primarily and along the inside lane in superelevated 
sections. It is hoped that rehabilitation will give an additional 10 
years of service life to the pavement. 

A comparison of pavement types and criteria for edgedrain installation 
is provided in Table 1. 
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Table 1. Listing of Pavement Types and Installation Criteria 

,. 
Edgedrain i 

Pavement Subbase Installation 
Type Criteria 

Alabama JPCP CTS Observed Need 
Arkansas JRCP OGAB Observed Need 
California JPCP CTB/LCB All PCC Meeting State 

Criteria (l) 
I1 l inois CRCP DGAB All PCC Rehabilitation 
Minnesota JRCP DGAB All PCC Rehabilitation 
New York JRCP OGAB Observed Need 
North Carolina JPCP DGAB All PCC Rehabilitation 
Oregon JPCP OGAB Observed.Need 
West Virginia JRCP DGAB Observed Need 
Wyoming JPCP DGAB All Current PCC 

Rehabilitation 

(1) Project must meet State criteria as discussed in Section 2.3. 

3.0 REVIEW OF CURRENT EDGEDRAIN PRACTICE 

One of the objectives of the Field Rev·iew Phase was to determine the 
current edgedrain practices in the States selected for study. Drainage 
elements such as edgedrain backfill material, edgedrain location, filter 
fabric, headwalls, etc., were investigated. This information is 
presented in the following discussions of each design element. 

3.1 Type of Edqedrain 

Alabama, North Carolina, and West Virginia are the only States that use 
a stone filled trench without a continuous drain pipe. The trench is 
wrapped with a filter fabric and backfilled with a open-graded 
aggregate. A drainage pipe is installed in the last 200 feet of trench 
in North Carolina and the last 10 feet of trench in the other States 
before being outletted. This design is a "french drain" approach. 
Figure l shows the aggregate trench type of edgedrain used by these 
States. 
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Figure 1. AGGREGATE TRENCH~ 

Illinois, Minnesota, and New York do not wrap the trench with filter 
fabric but rather use a filter aggregate or coarse sand backfill around 
a perforated pipe. In this design approach, although generally much 
slower draining, the drainage aggregate is believed to act as the 
filtering media to prevent eroded fines from plugging the edgedrain 
system. Illinois and Minnesota wrap the pipe with filter fabric to 
prevent the backfill material from entering the pipe. This approach is 
shown in Figure 2. 

PCC 

FLTER 
FABRIC 

AC 
AC 

Figure 2. FL TER AOOREQA TE EOOEDRAIN 

California's edgedrain design consists of a 3-inch slotted rigid PVC 
pipe which is placed at the bottom of a relatively shallow, partially 
filter fabric lined trench (12 inches·wide and 10 inches deep) 
excavated slightly into the cement treated base and backfilled with a 
treated permeable material (TPH) (either asphalt treated at 
approximately 2 1/2 percent or cement treated at 2 to 4 bags per cubic 
yard). The purpose of the filter fabric is to prevent aggregate base 

s.2.12 

Arch
ive

d



and subgrade fines from c·ontami nat i ng the edgedra in system. The filter 
fabric is omftted in the slab/base interface to allow infiltrated water 
and eroded fines that have migrated to the interface to jet directly 
into the drain. California's design is unique in that the trench is 
very shallow. The purpose of the edgedrain system is to drain water 
which collects at the slab/subbase interface and water entering the 
pavement/shoulder joint. The invert of the drainage pipe is 
approximately 1-inch below the slab/subbase interface. California's 
design approach is shown in Figure 3. 

AC 
------ AC 

PCC 

:.·~PIPE 
---.1""" ., :L 

~~~~-----·'' ........ :~ 
BASE \ FLYER 

'FABRIC -----
F1gwe 3. CALFORNA ~DESIGN 

All of the remaining States (Arkansas, Oregon and Wyom;ng) use basically 
the same design; that is, the trench is completely wrapped with a filter 
fabric. A 3-4 inch drainage pipe is placed in the bottom of the trench. 
The trench is then backfi 1.1 ed with an open graded aggregate. A 
conventional perforated pipe edgedrain is shown in Figure 4. 

AC 
PCC ;------- .. -----~-'' ............ , AC , ... , . 

" '' , .. 
---Jr:. , ... 

,· 
(" .. , .. ,. 

' .. , 
' ' ' •. r----. 

PIPE 

FLTER 
FABRIC 

Flg\re 4. PERFORATED PFE EOOEDRAIN 

Geocomposite fin drains have been used by many States reviewed (Alabama, 
Arkansas, Illinois, Minnesota, North Carolina, West Virginia, and 
Wyoming) primarily on an experimental basis. Figure 5 shows a typical 
geocomposite fin drain. Table 2 provides a comparison of edgedrain 
types used. 
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Figure 5. GEOCONPOSITE EDGEDRMI 

Table 2. Comparison of Edgedrain Types. 

Type of Geocomposite 
Edgedrain Fin Drain 

Alabama Aggregate Trench Experimental 
Arkansas Conventional Pipe Experimental 
California Shallow Trench Not Allowed 
Illinois Sand Backfill Allowed as Alternate 
Minnesota Sand Backfill Experiment a 1 
New York Filter Aggregate Experimental 
North Carolina Aggregate Trench Experimental 
Oregon Conventional Pipe Allowed as Alternate 
West Virginia Aggregate Trench Experimental 
Wyoming Conventional Pipe Experimenta 1 

3.2 Edgedrain Location 

All of the States reviewed place the edgedrain under the shoulder 
immediately adjacent to the pavement/shoulder joint. 

3.3 Trench Backfill 

Both Illinois and Minnesota use a coarse sand backfill. The aggregate 
gradations are given in Tables 3 and 4, respectively. Illinois and 
Minnesota anticipate coefficient of permeabilities of 50 to 100 feet per 
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day with these backfill materials. Use of the Illinois gradations is 
based on local av·ailability of materials. 

Table 3. Illinois' Sand Gradations. 

Percent Passing 

Sieve Size FA 1 FA 2 

3/8-inch 100 100 
No. 4 94-100 94-100 
No. 16 45-85 45-85 
No. SO 3-29 10-30 
No. 100 0-10 0-10 
No. 200 0-3 0-3 

Table 4. Minnesota's Sand Gradation. 

Sieve Size Percent Passing 

3/8-inch 100 
No. 4 90-100 
No. 10 45-90 
No. 40 15-45 

No. 200 0-3 

California uses either asphalt treated permeable material (ATPM) at 
approximately 2 1/2 percent or cement treated permeable material (CTPM) 
at 2 to 4 bags per cubic yard. Coefficient of permeabilities are 
approximately 4,000 feet per day for the CTPM and 15,000 feet per day 
for the ATPM. The gradations for ATPM and CTPM are given in Tables 5 
and 6, respectively. 

Table 5. California's ATPM Aggregate Gradation. 

Sieve Size Percent Passing 

1-inch 100 
3/4-inch 90-100 
1/2-inch 35-65 
3/8-inch 20-45·' 

No. 4 0-10 
No. 8 0-5 

No. 200 0-2 
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Table 6. California's CTPM Aggregate Gradation. 

Sieve Size Percent Passing 

1 1/2-inch 100 
I-inch 86-100 

3/4-inch x ± 22 
3/8-inch x ± 22 

No. 4 0-18 
No. 8 0-7 

Where "X" is the gradation which the contractor proposes to 
furnish for the specific sieve size. 

New York uses a filter aggregate consisting of a crushed stone, sand 
gravel, or screened gravel with varying degrees of permeability. The 
filter material gradations are given in Table 7. Gradation type is 
selected by .the State regional soils engineer based on the amount of 

~ fines in the native soil. The Type I gradation is used approximately 75 
percent of the time. Type III is used if silt is encountered. 

Table 7. New York's Aggregate Gradations. 

Percent Passing 

Sieve Size Type I Type II Type III 

1-inch 100 - -
1/2-inch 30-100 100 -
3/8-inch - - 100 
1/4-inch 0-30 20-100 90-100 

No. 8 - - 75-100 
No. 10 0-10 0-15 -
No. 16 - - 50-85 
No. 20 0-5 0-5 -
No. 30 - - 25-60 
No. 50 - - 10-30 
No. 100 - - 1-10 

No. 200 {wet) - - 0-3 

Oregon uses a gap graded (permeable) aggregate with coefficients 
of permeability greater than 3000 feet per day. The three 
gradations used by Oregon are given in Table 8. The type of 
gradation used is determined by the engineer. 
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Table 8. Oregon's Aggregate Gradations. 

Percent Passing 

Sieve Size 1 1/2-3/4" size 1 1/4-3/4" size 3/4-1/2 11 size 

2-inch 100 - -
1 1/2-inch 95-100 100 -
1 1/4-inch - 90-100 -

I-inch - - 100 
3/4-inch 0-15 0-15 90-100 
1/2-inch 0-2 0-2 0-15 
1/4-inch - - 0-3 

Alabama and North Carolina both use the AASHTO No. 57 gradation as 
backfill material while West Virginia allows any AASHTO gradation 
between the No. 2 and No. 57 to be used. Wyoming's gradation is the 
same as the gradations used by California. Table 9 provides a 
comparisons of the backfill material used by the States that were 
reviewed. 

Table 9. Comparison of Backfill Material 

Estimated 
Backfill Gradation Coefficient of 
Material Permeability 

Alabama Aggregate AASHTO No. 57 3,000 + 
Arkansas Pea Gravel 3/8-inch 200 
California ATPM/CTPM California 4,000 CTPM 

Standard 15,000 ATPM 
111 inoi s Coarse Sand Illinois 50 

Standard 
Minnesota Coarse Sand Minnesota 50-100 

Standard 
New York Filter New York 1,000 Type I 

Aggregate Standard 100 Type I II 
North Carolina Aggregate AASHTO No. 57 3,000 + 
Oregon Pea Gravel Oregon 3,000 + 

Standard 
West Virginia Aggregate AASHTO No. 2 3,000 + 

to No. 57 
Wyoming ATPM/CTPM California 4,000 CTPM 

Standard 15,000 ATPM 
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3.4 Pioe Material and Size 

Seven of the 10 States reviewed {Arkansas, California, Illinois, 
Minnesota, New York, Oregon, and Wyoming) used perforated or slotted 
drainage pipe in the entire length of edgedrain trench to convey the 
accumulated water from the pavement structure. Two of the States 
(California and Wyoming) used smooth, rigid polyvinyl chloride {PVC) 
pipe. The other five States (Arkansas, Illinois, Minnesota, New York, 
and Oregon) specified corrugated polyethylene (CPE) pipe. The three 
remaining States (Alabama, North Carolina, and West Virginia) did not 
use pipe in the entire length of edgedrain trench. Pipe sizes were 3 or 
4 inches as shown in Table 10. 

Table 10. Pipe Material and Size. 

Pipe Pipe Size 
Material (inches) 

Arkansas CPE 4 
California PVC 3 
Illinois CPE 4 
Minnesota CPE 3 
New York CPE 4 
Oregon CPE 4 
Wyoming PVC 3-4 

In California and Wyoming, if the pipe is to be installed in trenches 
that are to be backfilled with asphalt treated permeable material, the 
pipe shall be PVC 90 degrees C electric plastic conduit, EPC-40 or EPC-
80 conforming to the requirements of NEMA Specification TC-2. 

3.5 Trench Widths and Depths 

Table 11 provides a tabulation of the trench widths and depths 
encountered in the field reviews. 
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Table 11. Trench Widths and Depths. 

Trench Width Trench Depth(l) 
(inches} (inches) 

Alabama 12 27 
Arkansas 12 18 (2) 
California 8 Min 10 (3) 
Illinois 10 30 
Minnesota 6-10 15 Min (4) 
New York 12 30 
North Carolina 12 18 Min (5) 
Oregon 8 18 Min 
West Virginia 6-10 12 Hin (6) 
Wyoming 6 Min 18 

(1) Measured from the pavement surface. 
(2) Invert of pipe is located 12 inches below slab\subbase 

interface. 
(3) Invert of pipe is just below slab/subbase interface. 
(4) Invert of pipe is located 3 inches below lowest layer to 

be drained. 
(5) Bottom of edgedrain trench is located 4 inches below the 

subbase/subgrade interface. 
(6} Top of edgedrain is located 3 inches below the top of 

the slab. 

3.6 Filter Fabric Placement 

Filter fabric placement is perhaps the most difficult and controversial 
item in edgedrain design. There are three distinct design approaches to 
filter fabric placement. 

In the first approach, the tren~h is wrapped in filter fabric to prevent 
fines from entering the trench backfill as shown in the top sketch of 
Figure 6. Fines that are eroded from the base course may migrate to and 
clog the filter fabric. 

The second approach leaves the slab/base interface open so that any 
eroded fines are not retained. Therefore, they will not clog the filter 
fabric. This approach would have the shortest time to drain and thus 
less time of saturation. This design is shown in the middle drawing of 
Figure 6. 
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The third appro~ch is a compromise in which the pipe is wrapped in a 
filter fabric and the trench is backfilled with a filter aggregate or 
coarse sand as shown in the bottom sketch of Figure 6. In this 
approach, the aggregate acts as a filter keeping the fines from clogging 
the filter fabric. The coefficient of permeability of the filter 
aggregate material varies, but it is generally much lower than an 
open-graded aggregate backfill. 

PCC 

COMPLETELY 
WRAPPED 

• 

FLTER 
FAINC 

AC 

;;i . .r~ 
-, ............ k,: 

PARTIALLY 
WRAPPED 

AC 

FLTER 
AGGREGATE 

Figure 6. COMPARISON OF EDGEDRA~ DESIGN 

It is pointed out that in all of the approaches any erodible fines in 
the base course will be washed out. The difference in the approaches is 
the manner in which the fines are handled. 

It should be noted that there is no way to prevent a filter adjacent to 
a material with a high percentage of fines from eventually clogging. If 
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there are no voids or if the voids are small, the filter won't clog up 
as rapidly, and the filter will function for a longer period of time. 
If, however, voids are present between the material to be drained and 
the filter, soil particles are provided an opportunity to go into 
suspension and will eventually clog the filter. Likewise, filter 
fabrics need intimate contact with the material to be drained. A filter 
placed along a pavement with voids between the slab and base would be 
comparable to the above noted situation. 

A study of the three approaches reveals that each approach has 
advantages and disadvantages. This study indicates that fabric 
placement is one of the most important elements of edgedrain design, and 
perhaps, the most unresolved. Each State must be careful to wrap the 
trench in a fashion that best meets the pavement conditions encountered. 

Illinois and Minnesota wrap the drainage pipe with filter fabric using 
the trench backfill to help filter out fines; however, New York does not 
use any filter fabric. 

California partially wraps the trench leaving the interface with the 
base course open to prevent the fabric from clogging. A TPM (either 
ATPM or CTPM) is used as the trench backfill. 

All of the remaining States (Alabama, Arkansas, North Carolina, Oregon, 
West Virginia, and Wyoming) completely wrap the trench. 

Table 12 provides a comparison of filter fabric placement. 

Table 12. Filter Fabric Placement 

Fn ter Fabric 
Placement 

Alabama Wrapped Trench 
Arkansas Wrapped Trench 
California Partially Wrapped 

Trench 
Illinois Wrapped Pipe 
Minnesota Wrapped Pipe 
New York None 
North Carolina Wrapped Trench 
Oregon Wrapped Trench 
West Virginia Wrapped Trench 
Wyoming Wrapped Trench 

3.7 Outlet Spacing 

Outlet spacing varied considerably among the States reviewed. Table 13 
lists the outlet spacing. Since the purpose of the edgedrain is to 
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remove water from the pavement structure, outlet spacing should not be. 
excessive. 

Table 13. Outlet Spacing. 

Outlet Spacing (feet) 

Alabama 200-1000 
Arkansas 300 
California 200-300 
Illinois 500 
Minnesota 500 
New York 250 
North Carolina 500 
Oregon 400 
West Virginia 500 
Wyoming 300 

3. 8 Headwalls 

Headwalls are used to protect the outlet pipe from damage, to prevent 
slope erosion, and to ease the locating of the outlet pipes. Table 14 
provides a tabulation of the headwall types encountered in the field 
reviews. 

There was a large variety in the types of headwall used. Alabama 
provides a large cast-in-place concrete headwall that is flush with the 
slope so that there is no damage from mowing operations. California's 
design is a simple precast concrete splash pad that allows the discharge 
to spread out thus preventing slope erosion. Minnesota and Illinois use 
a flush, precast concrete headwall with a removable rodent screen. 
Minnesota's precast concrete headwall design is shown in Figure 7. 

·3. 9 Rodent Screens 

Many States believe that rodent screens are necessary to protect the 
edgedrain system. Table 14 lists the States that used rodent screens in 
the rev;ew. 

Some States not included in the review h.ave experienced considerable 
damage to geocomposite fin drains from field mice. 
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3.10 Reference Markers 

Reference markers are used to locate the outlets for maintenance or 
observation purposes. Reference markers are extremely important in 
directing maintenance personnel to the pipe outlet. Table 14 indicates 
which States use reference markers. 

California places a raised ceramic pavement marker on the shoulder edge 
adjacent to the outlet pipe while Minnesota paints a small arrow or 
stripe on the edge of the shoulder adjacent to the outlet pipe. 
California and Oregon use a small sign on a metal post to mark the pipe 
outlet. 

Table 14. Headwalls, Rodent Screens, and Reference Markers. 

Rodent Reference 
Headwall Screen Marker 

Alabama Concrete No No 
Arkansas Concrete Yes No 
California Splash Pad Yes Yes 
Illinois Concrete Yes No 
Minnesota Precast Yes Yes 

Concrete 
New York None (1) No No 
North Carolina Concrete No No 
Oregon Concrete Yes Yes 
West Virginia Concrete Yes No 
Wyoming Splash Pad Yes No 

(1) A 6-foot section of 6-inch corrugated metal pipe is used to 
protect the plastic outlet pipe. 

3.11 Maintenance 

Maintenance is critical to the continued success of any longitudinal 
edgedrain system. Inadequate maintenance was an universal problem in 
the States reviewed. The combination of vegetative growth, roadside 
slope debrist and fines discharging from the edgedrain plugged a number 
of outlet pipes. At one outlet, a 3-foot long mass of bermuda grass 
runners and eroded fines was pulled from the outlet pipe. It was 
impossible for the edgedrain system to discharge any water from this 
outlet until the mass of material was removed. 

On one project, where pumping stains were noted on the right shoulder, 
it was found that this pumping was occurring on pavement sections where 
the outlets were plugged. On adjacent sections, where edgedrains 
outlets were open, there were no signs of pumping. At another outlet, 
the pipe was completely covered and plugged with vegetative growth. 
When the pipe was unplugged water drained from the pipe. Many outlets 
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could not be found because of dense vegetative growth. It is obvious 
that if maintenance crews cannot find the outlet, no maintenance of the 
edgedrain system can occur. 

Based on the observations made during this review , increased emphasis 
should be placed on maintenance of longitudinal edgedrains, especially 
the outlets. 

3.12 Construction Related Problems Observed 

Since all of the edgedrain projects reviewed were previously 
constructed, it was not possible to identify any construction problems 
of the longitudinal edgedrain collector system. However, some problems 
were observed with the lateral outlets. In a few States, headwalls were 
observed with a reverse grade. Because of improper construction, 
placement, or settlement, the headwall apron sloped back towards the 
pipe. Although the outlet would drain when sufficient water had . 
accumulated, sedimentation at the outlet will occur restricting the flow 
and eventually plugging the pipe. Another problem observed in several 
States was the curling up of the last few feet of flexible outlet pipe 
resulting in a nondraining outlet. This may not be a big concern where 
the edgedrain trench was continuous and where subsequent outlets down 
grade would allow the water to drain. However, restricted flow from the 
edgedrain system would increase the time the pavement structure is 
subject to moisture. This has the potential for increased pavement 
problems by not allowing accumulated free water adjacent to the pavement 
structure to drain as rapidly. The pipe curling problem was not 
observed in those States that used a rigid lateral outlet pipe. 

Based on the observations made during this review, increased emphasis 
should be placed on construction inspection of longitudinal edgedrain 
systems, especially the outlets. It was apparent that more attention 
needs to be focused on maintaining the grade of the outlet trench, 
ensuring the proper placement of the pipe in the trench, and the 
construction or placement of the outlet headwall. Proper construction 
is essential for the edgedrain system to perform as intended. 

4.0 SUMMARY AND CONCLUSIONS 

4.1 Design Philosophy 

Retrofit longitudinal edgedrains are an important technique in CPR. 
Host likely other CPR techniques such as full-depth slab repair, slab 
stabilization, grinding or joint and crack resealing would be used in 
concert with retrofit longitudinal edgedrains to provide complete 
upgrading of the pavement. The engineer must coordinate the 
construction schedule so that the retrofit longitudinal edgedrains will 
dovetail with other CPR techniques. 
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Regardless of which type of retrofit edgedrain is selected, it is a good 
practice to seal all joints and cracks so that the amount of water · 
infiltrating into the pavement structure is kept to a minimum. 

4.2 Design Analysis 

In any design analysis of existing concrete pavement rehabilitation, 
there are three steps that must be analyzed to determine if the proposed 
design will accomplish its goal of pavement drainagew 

The first step in the design analysis of retrofit longitudinal 
edgedr~ins is to identify the water that is to be drained. Retrofit 
longitudinal edgedrains will drain water that enters the 
pavement/shoulder joint and any water that infiltrates the concrete 
pa':"'!'!lent slabs and collects along the slab/base interface. This is free 
water that follows the path of 1 east resistance and is strongly 
influenced by the affects of gravity. Any water that enters and 
ultimately saturates an impermeable dense graded aggregate base course 
will not be drained by a retrofit longitudinal edgedrain in a reasonable 
am..:· 1.;~;~ :·f time. 

Th id step is to evaluate the erodibility of the subbase material. 
T~· ~guide for evaluating is past •xperience with the particular 
stJ..:·~-: ~·t; materhl. If the subbase contains a high percentage of material 
passing the No. 200 sieve, the subbase will probably be highly erodible. 
As noted previously, a filter fabric does not prevent fines from being 
eroded from the subbase material, it only controls what happens to the 
fines after they migrate to the trench area. If an excessive amount of 
fines are eroded from the base course, any retrofit edgedrain will 
probably not be effective in extending the pavement life. 

The third step is to determine if there is enough relief provided by the 
cross-section of the highway surface to provide positive drainage to the 
roadside ditches. Subsurface and surface drainage must be coordinated. 

4.3 Unresolyed Issues of Drainage Design 

Currently, there are two unresolved issues of drainage design; filter 
fabric placement and trench backfill permeability. Filter fabric 
placement was previously discussed in Section 3.6, The three design 
approaches for filter fabric placement are; completely wrapped trench, 
partially wrapped trench, and wrapped pipe with sand backfill. There 
are advantages and disadvantages to each approach as discussed in 
section 3.6. Any trench backfill must be permeable enough to transmit 
the accumulated water to the drainage pipe. The backfill must also be 
stable enough to resist the loads applied to it. In the wrapped pipe 
with sand backfill approach, the sand backfill will filter the eroded 
fines preventing the filter fabric around the pipe from clogging. 
Unfortunately, it is believed that most of the sand ba~kfill currently 
used does not have enough permeability to rapidly drain the section and 
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significantly reduce the time of saturation. A coarse aggregate 
backfill will have the necessary permeability to drain the pavement 
section keeping saturation time to a minimum. Use of asphalt or cement 
treated backfill will increase stability with little decrease in 
permeability. 

It is hoped that the findings of Experimental Project No. 12 will 
provide positive guidance to help resolve these issues. 

4.4 Design Deta11s 

Listed below is a consensus that was developed on the design elements 
for retrofit longitudinal edgedrains based on this review: 

- The edgedrain should be located under the shoulder immediately 
adjacent to the pavement/shoulder joint. 

- Remembering that the filter fabric does not prevent erosion of 
fines from under the pavement slab, based on our observations, it 
is believed that the second approach, the partially wrapped 
trench, is the most promising compromise of design factors. By 
eliminating the filter fabric at the subbase/edgedrain interface, 
eroded fines can not clog the filter fabric. This approach will 
maximize the drainage of the pavement section kee~ing saturation 
time to a minimum. 

- Trench backfill should be permeable enough to transmit water to 
the longitudinal edgedrain p;pe and it must be stable enough to 
withstand traffic loads. Asphalt or cement treated backfill 
increases stability with little or no loss of permeability. 

- The most co11110nly used trench width was 12 inches. The trench 
depth is determined by the vertical location of the pipe. 
Locating the top of the pipe at the bottom of the layer to be 

· drained is reconnended. This ensures that the flow zone of the 
pipe is below the layer to be drained. 

- Since the purpose of the edgedrain system is to rapidly remove 
free water from the pavement structure, the outlet spacing should 
not exceed 500 feet, in most cases. The length of cleaning 
equipment available may dictate the outlet spacing. Shorter 
spacing eases maintenance of the edgedrain system, however, more 
outlets are the result. Conversely, greater spacing lengthens the 
time to drain. Additional outlets should be provided at the 
bottom of sag vertical curves. 

- Because of the tendency of flexible corrugated plastic pipe to 
curl, use of rigid PVC pipe is reconrnended for outlet laterals. 
Rigid PVC pipe helps to maintain the proper outlet pipe grade and 
provides more protection from crushing. A few States included in 
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this review have since modified their outlet design specifying the 
use of rigid PVC. 

- Headwalls protect the outlet pipe from damage, prevent slope 
erosion, and ease in the locating of the outlet pipe. Because, 
these factors are so important in edgedrain design, the use of 
headwalls is recommended. 

- Use of removable rodent screens is recommended. Removable screens 
ease cleaning of the screen itself as well as the edgedrain 
system. 

- Since vegetative growth can quickly obscure the outlet pipe, 
reference markers are also recomnended. 

5.0 FUTURE ACTIVITIES 

The study of pavement drainage is an on-going activity. The first step 
is the completion of Experimental Project No. 12. After the 
effectiveness of retrofit longitudinal edgedrains has been determined, 
FHWA will be in a good position to provide guidance to the field. When 
pavement design and rehabilitation reviews are conducted in a State, the 
pavement drainage designs can also be reviewed so that.a nationwide 
assessment can be developed. Most likely a combination drainage 
demonstration project and training package will be developed. This will 
allow FHWA to provide needed technology transfer for this important 
pavement engineering item. 
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INTROOUCTION 

This paper will present the state-of-the-practice in pavement drainage (i.e •• 
permeable bases) for new or reconstructed asphalt concrete (AC) and Portland 
cement concrete (PCC) pavements. 

Rather than using irrpermeable dense-graded materials many States have gone to 
using cpen-graded or "permeable° bases to allow infiltrated moisture to 
rapidly drain through the base and out from beneath the pavement structure. 

Because of the relative unfamiliarity with permeable base pavement structures 
and with the varying designs in use. this paper synthesizes permeable base 
pavement systems being used in this country. 

BACKG ROltND 

The pavement structure is the most costly element of the highway system and 
its prer.ature failure is of major concern. Among the reasons cited for 
pavement failures. inadequate drainage of the pavement structure has been 
identified as a primary cause of pavement distress. The new1y published 
AASHTO Guide for the Design of Pavement Structures (1986) addresses this as a 
problem by including drainage as an essential element of paverrent design. 
Also. the Federal Highway Administration's CFHWA) pavement management and 
design pol icy encourages performing a drainage analysis for each new. 
rehabilitation. and reconstruction pavement design. 

In designing pavement sections in the past. the primary function of the base 
was to provide uniform support. However. with increasing traffic loads. 
erosion and pumping of the underlying material resulted. This led to 
construction of what were thought to be strong nonerodible bases (i.e •• 
dense-graded aggregate bases. cement treated bases. asphalt concrete bases). 
These materials were not only il!l>ermeable. they were also found to be 
erodible in many cases. Infiltrated moisture was trapped in the pavement 
structure and. under the effects of heavy loads. led to a weakening or 
erosion of the base. subbase. and/or subgrade often resulting in premature 
distress of the pavement structure. 

A significantly different pavement design philosophy is now receiving a great 
deal of consideration. Rather than using impermeable dense-graded materials. 
several States have opted to use open-graded or permeable bases to allow 
infiltrated moisture. to rapidly drain through the base and out from beneath 
the pavement structure. A permeable base is normally characterized by an 
open-graded crushed angular aggregate with es sen ti ally no fines. Recognizing 
the problems moisture distress has played on pavements. primarily on PCC 
pave11Ents. many States are routinely using or experimenting with permeable 
bases beneath new or reconstructed high-type. pavements •. A longitudinal 
edgedrain collector system is commonly used to rapidly drain the moisture 
that collects in the permeable base. Typical permeable base pavement 
sections are shown in Figure 1. 
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Figure 1 . Typical Permeable Base Pavement Sections 
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OBJECTIVE 

The primary objective of this paper is to synthesize the design and 
construction of permeable base pavement systems being used in this country. 
It is the intent to summarize the findings. to comrrunicate the experiences of 
various States. and to demonstrate that permeable base pavements can be 
designed and constructed without significant changes to conventional 
pr act ices. 

SCOPE 

Reviews were conducted in those States that were kncwn to have recently 
constructed permeable base pavements. States included in the review were 
California. Iowa. Kentucky. Michigan. Minnesota. New Jersey. North Carolina. 
PennsylvBnia. West Virginia. and Wisconsin. The review included gathering 
information from each State in design. use. construction. cost. and 
pe rf crmance of perme ab 1 e bases. 

FIELD SURVEY RESULTS 

In general. the States that are using permeable base pavements can be grouped 
into two categories -- those that use an untreated permeable base and those 
that use a treated permeable base. The untreated permeable base materials 
generally have a lower coefficient of permeability. whereas treated permeable 
bases have a much higher coefficient of permeability. The untreated 
permeable base material contains more smaller sized aggregate to give it 
stability and. thus. it tends to be less permeable. On the other hand. a 
treated permeable base had a cementing agent. generally 2-3 percent asphalt 
cement. for stability. The result was a more open material with high 
permeab i1 i ty. 

Sunnary of State's Philosopf\y on P£ ~~ble Base Pavement Design 

The approach to permeable base design varied among the States reviewed with 
California. Michigan. New Jersey. and Pennsylvania having the most 
experience. Most of the other States constructing permeab 1 e bases 
investigated the designs used by these States and modified them for their own 
use. The majority of States are primarily using· permeable bases beneath PCC 
pavements. however, several States are using permeable bases beneath AC 
pavements as well. 

Although the philosophies differ with respect to degree of permeability. the 
end result is that all States believe that rapid base drainage is extremely 
irrportant. Some States believed that the highest permeability that could be 
obtained with readily available materials was best. Whereas. other States 
believed that a less permeable material which was similar to their existing 
base material in availability. cost. and stability. but which had some of the 
fines removed to provide drainability. was sufficient. 
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Review of Current Permeable Base Pavement Design 

Type of Pe...eable Base 

Those States that are predominantly using untreated permeable bases include: 
Iowa. Kentucky. Michigan. Minnesota. New Jersey. Pennsylvania. and Wisconsin. 
Iowa's. Minnesota's. and Pennsylvania's permeable base gradation is 
essentially derived from their conventional dense-graded aggregate base 
gradation with some of the fines removed. Kentucky's and New Jersey's 
gradations are based on readily· available AASHTO aggregate gradations Ci.e •• 
Kentucky uses the AASHTO No. 57 stone and New Jersey uses a 50/50 blend of 
AASHTO No. •s 57 and 9 stone). Michigan's and Wisconsin's gradations were 
developed through testing of various permeable gradations. Both Iowa and 
Michigan allow recycled PCC pavement with some of the fines removed to be 
used for their permeable base. 

Those States that are using treated permeable bases include California. North 
Carolina. and West Virginia. The predominant material used for stabilization 
is asphalt cement at approximately 2 percent. although California allows 
Portland cement at 2-4 bags per cubic yard as an option. Both North Carolina 
and West Virginia utilize AASHTO's No. 57 stone gradation. California's 
gradation is similar. 

Degree of Permeabfl 1 ty 

There was a wide range in permeabilities desired. The untreated permeable 
bases generally had a lower coefficient of permeability -- in the range of 
200 to 3.000 feet per day. The treated permeable bases all had a very high 
coefficient of permeabi1 ity -- from 3.000 to 20.000 feet per day or higher. 
The permeabilities were determined using either a falling head or constant 
head permeameter using standard test procedures. The gradations used by the 
10 States reviewed for the treated and untreated permeable bases. 
respectively. follow. 
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Sieve Size 

1 112-inch 

1-inch 

3/4-inch 

112-inch 

3/8-inch 

No. 4 

No. S 

No. 200 

Coefficient of 
Permeability 
(feet per day) 

TREATED PERMEABLE GRADATIONS 

Percent Passing 

Ca1 iforni a North Carolina/West Virginia 

100 

90-100 

35-65 

20-45 

0-10 

0-5 

0-2 

15.000 

5.3.6 

100 

95-100 

0-10 

0-5 

.0-2 

20.000 
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UNTREATED PERMEABLE GRADATIONS 

Percent Pass1ng 

Sieve Sf ze IA ~ ~ ~ NJ e.a WI 

2-inch 100 

1 1/2-inch 100 100 100 

1-inch 100 95-100 100 95-100 100 

3/4-inch 65-100 52-100 90-100 

1/2-inch 25-60 0-90 60-80 

3/8-inch 35-70 35-65 20-55 

r•o. 4 0-10 0-8 20-45 40-55 8-40 0-10 

fto. 8 10-35 0-5 5-25 0-5 

No. 10 8-25 

No. 16 0-8 0-12 

No. 30 0-8 

No. 40 2-10 

No. 50 0-15 0-5 

No. 200 0-6 0-2 0-3 0-5 

Coefficient of 
Permeabi1 ity 
(feet per day) 

500 20.000 1000 200 2000 1000 18.000 
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Extent of Use 

Nine of the 10 States use their permeable base under new or reconstructed 
high-type PCC pavements. Also. most States have constructed at least one 
permeable base AC pavement experimentally. Kentucky has only constructed, 
permeable bases under AC pavements to date. It has been within the past 
5 years that permeable bases beneath high-type PCC pavements has become 
standard in these States. with California specifying them beneath AC 
pavements. as well. 

Thickness and Width of Permeable Base 

The thickness of permeable bases varied from 3 to 6 inches. with 4 inches 
being the most common. Although the thickness required for drainage can be 
calculated. 4 inches seems to provide sufficient capacity. is easily 
constructed. and provides for construction tolerances. California specifies 
0.25-feet (3 inches) for its asphalt cement treated permeable base and 
0.35-feet (approximately 4 inches) for its Portland cement treated permeable 
base: The difference in thickness specified is attributed to the asphalt 
cement treated permeable material having a higher coefficient of permeability 
-- approximately 15.000 feet per day -- than the Portland cement treated 
material -- approximately 4.000 feet per day. 

The width of permeable base. whether treated or untreated. was generally 
placed 1 to 3 feet outside either pavement edge. In most cases. the tracks 
of the paver ran on this widened section. Kentucky. New Jersey. and West 
Virginia carried the permeable base layer out to the edge of either shoulder. 

Method Used to Drain Pel"lleable Base 

All States reviewed use a longitudinal edgedrain collector system to drain 
accumulated water from their permeable bases. Seven of the 10 States used an 
excavated trench design exclusively. Kentucky. West Virginia. and Wisconsin 
have also used a V-ditch design for the longitudinal edgedrain collector. 
Both Kentucky and West Virginia noted problems with this design. Not only is 
constructing and maintaining the V-ditch a problem. but protecting the pipe 
from crushing under construction traffic was also noted as a problem. 
Several States that use the excavated trench design also expressed a concern 
with possible crushing of the pipe. however. there is generally more cover 
over the pipe than with the V-ditch design. Both Minnesota and Wisconsin 
allow the contractor to construct the longitudinal edgedrain collector system 
either before or after pavement construction. They were concerned with the 
possible damage to the pipes in the longitudinal trenches and the outlet 
lateral trenches by construction equipment. 

Generally, the inside edge of the edgedrain trench is located immediately 
below the longitudinal pavement/shoulder joint (see Figure 1). To avoid 
settlement or crushing of the collector pipe beneath construction equipment. 
several States locate the trench 2-3 feet out from the joint beneath the 
shoulder. Michigan. however. installs the trench beneath the PCC pavement. 
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Most States that co.nstruct crowned pavement sections instal 1 a longitudinal 
edgedrain co11ector system along both the inner and outer pavement edge. 
This effectively shortens the drainage path and significantly lessens the 
time for the permeable base to drain. 

Most States backfill the edgedrain trench with the same permeable material 
that is used for the permeable base. A few used a more permeable material as 
backfill. All 10 States used an outlet pipe to convey the accumulated water 
from the edgedrain collector to the ditch or other inlet structure. West 
Virginia tried a fabric wrapped.pea gravel outlet system. After several 
years. these outlets became increasingly difficult to locate because they had 
become overgrown with vegetation and/or plugged with roadside slope debris. 
Daylighting of the permeable base to the ditch slope is not recommended 
because of these reasons. 

A number. of States had experienced problems with maintaining the proper 
outlet grade with flexible corrugated plastic pipe and now specify the use of 
rigid PVC pipe for outlet laterals. Iowa is the only State that does not use 
a filter fabric lined edgedrain collector trench. The subbase and subgrade 
material acts as a filter and is compatible with the permeable trench 
backfill material. Also in Iowa. edgedrains are installed 4 feet below the 
pavement surface and are generally installed 2-3 years prior to 
reconstruction. primarily to drain the subbase and subgrade before 
reconstruction. 

Type of Filter Layer Used 

Those States that use an untreated permeable base use a filter aggregate 
layer. which in m:::>st cases. is the States's conventional dense-graded 
aggregate base material. The gradation of this material is compatible with 
the perr.eable material to prevent intrusion of fines from the subgrade. 
Those States that use a treated permeable base predominantly. use a filter 
fabric (primarily non-woven) to protect the permeable base layer from 
intrusion of fines. One State. West Virginia. allows the use of a woven 
fabric. It is interesting to note that research by Penn State University in 
the use of fi1 ter fabrics. found that filter fabrics act a as a wick or 
b1otter actually holding moisture in the material immediately below the 
filter fabric and may act as an internal source of moisture.Cl) California 
was the only State that used an impermeable aggregate subbase as a separator 
or filter layer with a treated permeable base. 

Structural Value 

Five of the seven States that predominantly'use an untreated permeable 
material believe it was structurally equivalent to a dense-graded aggregate 
base. New Jersey had gyratory shear and repeated load triaxial tests 
performed on their untreated and asphalt cement treated permeable materials 
at the Corps of Engineers Waterways Experiment Station CWES). Results 
indicated that both had bearing capacities similar to dense-graded aggregate 
base. Also. 1/2 million wheel loads were applied to the same test section 
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which was subject to periodic flooaing and it exhibited good performance.(2) 
Pennsylvania had tests performed on their untreated permeable material at the 
Penn State University Test Track and found that it provided support similar 
to a dense-graded aggregate base. (3) Kentucky and Minnesota do not give the 
untreated permeable material credit in their structural sections. 

The three States that used a treated permeable base believed that the 
permeable material provided support similar to a dense-graded AC base. West 
Virginia performed a plate load bearing test on their first asphalt treated 
permeable base. A resultant K-value of 200 pounds per cubic inch (psO. (4) 
California performed laboratory compressive tests on their asphalt cement 
treated permeable material and found that ft provided more support than 
dense-graded aggregate material. 

Review of Current Permeable Base Construction Practices 

Construction Considerations 

Overall. construction of permeable base pavements requires more care than 
unstabilized or stabilized dense-graded aggregate bases. The treated 
permeable bases have sufficient stability for construction traffic. however. 
extra care is needed to prevent contamination of the layer. Untreated 
permeable bases. although sufficiently stable to pave on. are more easily 
displaced than dense-graded base. Additional care is required by equipment 
operators and truck drivers when placing and finishing the pavement. Quite 
often. a roller was used to 11 dress up" the permeable material immediately in 
front of the paver. 

Most States restrict construction equipment other than the paving and 
finishing equipment from traversing the permeable base. Also. roost States 
found that when placing an AC pavement on a permeable base. rubber-tired 
pavers rutted and displaced the per~P~ble material. They now specify tracked 
pavers which better distribute the 

Another concern with the untreated '2able aggregate material was the 
possible segregation of the materia1 Guring placement and degradation of the 
aggregate under construction traffic. Several States specify that untreated 
permeable aggregate be placed at a certain percent moisture to reduce 
segregation. 

The grade of the treated permeable materials was more difficult to modify 
once it had been plaeed and compacted. High and/or low spots at the 
longitudinal joint between asphalt cement treated paving passes was common 
and some method of modifying the grade (i.e •• trimming with a blade or 
au tog rader) was required. Al so. keeping the highly penneab 1 e base materia 1 
clean and free from contamination was a concern. Both North Carolina and 
West Virginia require that the filter fabric between the subgrade and 
permeable base layer be wrapped or lapped up around both edges of the 
permeable base. California required sufficient filter fabric to line the 
edgedrain collector trench and to wrap up and over the low side of the 
permeable base layer. 
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Equipment Modifications 

Only very minor equipment modifications are required to more easily construct 
permeable base pavements. One modification noted in a couple States was the 
use of wider rubber tires on the reinforcing mesh cart (for jointed 
reinforced concrete pavements CJRCP)) to distribute the load over a larger 
area of the permeable base. thereby. reducing the potential displacement of 
the untreated material. Also. as mentioned previously. when placing an AC 
pavement use of tracked pavers on untreated permeable bases in lieu of 
rubber-tired pavers was specified. In addition. use of longer pins to hold 
dowel baskets in place was necessary on permeable bases. 

Stabi11ty 

No stabi.1 ity problems were observed or indicated by any of the States that 
were reviewed. Many State and contractors' personnel expressed reservations 
regarding the paving on the more open-graded permeable treated or untreated 
base materials on their initial contact with it. However. in all cases. 
after working with the material the doubts vanished. All States required at 
least 85 percent crushed material which provided additional stability through 
aggregate interlock. 

There were no problems noted with stability of the asphalt cement treated 
permeable materials under construction equipment even under high ambient afr 
temperatures. All three States used a conventional paving grade aspha1t 
cement as the stabilizing material. California noted a problem on one 
project where the asphalt treated permeable base did not set up properly and 
took up to a week to provide sufficient stability to pave on. The State 
attributed this to the permeable aggregate temperature not being in the 
275-375 degree F range specified at the time the asphalt cement was 
introduced. 

As expected. stability was more of· a concern with untreated permeable 
materials. Although stability varied from state to state and gradation to 
gradation. all untreated permeable materials were stable under paving 
equipment. However. many States did not allow any equipment other than that 
needed to place and finish the paving to traverse the material. Those States 
that did allow construction traffic on the untreated base. required a roller 
in front of the paving operation to compact and smooth out any disturbance to 
the BBterial from trucks hauling on the base. Both Minnesota and 
Pennsylvania require a mini111Jm coefficient of uniformity CD60/D1o> of 4 to 
ensure a stable gradation. 

Performance of Exfstina Permeable Base Paveilents 

Performance information available to date indicates that properly designed 
and constructed permeable bases virtually eliminate pumping. faulting. and 
cracking. There is no long-term performance data available Cin excess of 
15 years). However. based on a comparison of the performance of existing 
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permeable base sections to undrained sections. States anticipate a 50 percent 
increase in PCC pavement service 1 ife. 

California continues to evaluate their permeable base pavements versus those 
that are not drained. On PCC. they found that in terms of percent cracked 
slabs. the permeable base (drained) sections had significantly lower rates of 
slab cracking. Of the four permeable base sections evaluated. three of which 
were constructed in 1980, two of the permeable base sections had no cracking. 
whereas the undrained control sections had 18 and 47 percent cracking. A 
drained section constructed in 1965 had 5 percent cracking compared to 
10 percent for the undrained section. One project with both a permeable base 
and an undrained section had exhibited no cracking yet. A 500-foot section 
of AC pavement on a logging road was reconstructed in 1967 using a highly 
permeable open-graded base drainage layer after it had failed twice in just a 
few years. The State conducted a review in 1986 and found that the original 
pavement. was stil 1 in excel lent condition with no patching, whereas. the 
adjoining pavement had been extensively patched. The 19-year service 1ife of 
this section (to date) is well beyond the normal 12-year life of AC paverrents 
in California. Studies performed by California suggest a minirrum servfce 
life increase of 33 and SO percent. respectively. for AC and PCC pavements 
constructed on a permeable base. CS) 

Iowa has performed a substantial amount of nondestructive testing CNOT) with 
a Road Rater on their PCC pavements. They indicated that permeable base 
pavements provide greater structural support than undrained pavements. The 
support on undrained pavement sections deteriorates for approximately 
S years. whereas support on permeable base sections does not deteriorate. 
They felt the constant support of the permeable base sections was equivalent 
to 3 to 5 inches of effective pavement. In addition. crack surveys which are 
performed every 2 years revealed that permeable base pavements have virtually 
no cracks. unlike conventional undrained pavements of the same age. 

Michigan's oldest permeable base sections are on the Clare test road CUS 10) 
constructed in 1975. An inspection of the three 1/2-mile permeable base test 
sections in comparison to the other sections was conducted during the review. 
There was no faulting or cracking and less apparent 0-cracking on the 
permeable base sections than on the other two base types Ci.e •• bituminous 
base and dense-graded aggregate base). The dense-graded bituminous base 
sections were the worst performing in terms of pavement distress (i.e •• 
faulting, cracking. 0-cracking. and spalling). Pumping was noted on these 
sections as well. Some spalling of the longitudinal joints was noted on all 
test sections. but was noticeably worse on the bituminous base sections. 

Minnesota's oldest permeable base pavement section. a 1600-foot section of 
JRCP with 27-foot skewed dowelled joints on Trunk Highway 15 near Fairmont 
constructed in 1983. was evaluated. After 5 years. only one of the 
59 permeable base slabs had a mid-panel crack. whereas the undrained JRCP 
with conventional dense-graded aggregate base adjacent to either end of the 
pavement was found to have approximately 50 percent mid-panel cracking. The 
section adjacent to the south had 15 of 33 slabs that exhibited mid-panel 
cracks and the section north had 5 of 10 slabs with mid-panel cracks. 
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New Jersey reported the performance of their experimental permeable base 
pavement sections constructed in 1979-1980 at the 1988 Transportation 
Research Board Meeting. Their initial observations/findings on the AC 
sections were that the thinner sections were performing as well as the 
thicker sections with rutting being about the same. On PCC pavement 
sections. there was less deflection. no faulting or pumping. and 
s ubst an ti a11 y reduced frost penetration. 

Pennsy1 vani a rated the performance of their experimental permeab 1 e base 
sections constructed in 1980 much better than dense-graded aggregate base 
sections. Based on the positive interim results of these sections. a 
permeable base layer between the PCC pavement and dense-graded aggregate 
subbase became the State standard in 1983.(3) 

Rideabil ity 

All of the States indicated that the rideability of permeable base pavements 
was no different than that on dense-graded bases. This was substantiated in 
California and North Carolina (asphalt cement treated) and Michigan 
(untreated). The rideab11 fty of some recently constructed PCC paveirents in 
these States had been measured using the California and Rainhart 
prof il ographs at 0-5 inches per mile. In general. those States using a 
string1ine for both horizont~l and vertical control had a substantially 
better ride quality than those that did not. Also. those States that had 
incentives/disincentives for rideabi1ity had projects with very good ride 
quality. 

Bids for permeable base materials were generally found to have slightly 
higher costs per unit weight than the imperireable dense-graded materials they 
replaced. Five of the seven States that used an untreated permeable base 
found that they were slightly more costly per unit ireasure than conventional 
dense-graded aggregate bases while two States. Iowa and Michigan. indicated 
that the unit costs for their perireable base material were the same or 
sanetimes less. 

As expected, the treated permeable base materials were two to three tiires 
more costly per unit ireasure than conventional dense-graded aggregate bases. 
However. all three States that predominantly used treated penneable base 
material found that the unit costs for it were about the same as those for 
dense-graded AC base. In addition. all three noted that because of the 
higher void content of the perireable material. the yield was 15-30 percent 
higher than dense-graded AC. California found that asphalt cement treated 
permeable base was genera11y less costly per unit reasure than ceirent treated 
base (CTB) and lean concrete base CLCB). The material unit costs were the 
same· or· slightly more than asphalt concrete base but because of the large 
void content the yield was 20 percent higher. Kentucky. which had used some 
asphalt treated permeable base within the past year. also found that its 
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material unit costs were about the same as the dense-graded bituminous base. 
but the permeable base material had 25-30 percent higher yie1d. 

SUMMARY 

A review of current design and construction practices has proven that 
permeable base pavements can be designed and constructed to rapidly drain 
moisture that infiltrates the pavement surface without significant changes to 
conventional practices. 
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U.S. DEPARTMENT OF TRANSPORTATION 
FEDERAL HIGHWAY ADMINISTRATION 

FIELD TRIP REPORT 

TO: Mr. Lou Papet, Chief 
Pavement Division 

THRU: Mr. Paul Teng, Chief 
Pavement Design & Rehabilitation Branch 

INCLUSIVE DATES: April 11-14, 1989 

DATE: June 8, 1989 

FROM: Mr. Daniel M. Mathis 
Highway Engineer 

Mr. John P. Hallin 
Team Leader 

PURPOSE: To participate in a pavement edgedrain review. 

ACCOMPLISHMENTS OR RESULTS: 

The State noted staining from fine soil particles on the shoulder of 
several recently cracked, seated, and overlaid Portland cement concrete 
(PCC) pavement sections. These appeared to be the result of moisture 
being pumped through the asphalt concrete (AC) overlay in the vicinity 
of the lane/shoulder joint. Since edgedrains were installed on these 
sections as part of the crack and seat project, the State felt that an 
investigation was warranted to determine if the drains had failed. 

On Tuesday afternoon (4/11), we were briefed on the pavement staining 
problem and the State's work plan for investigation. They met with 
individuals from the ~tate to discuss the procedure and operations for 
the investigation of the pavement edgedrain and pavement structure which 
were to take place on Wednesday and Thursday. The majority of shoulder 
staining was occurring on cracked and seated and overlaid PCC projects 
which were constructed in 1988 using a geocomposite edgedrain 
manufactured by Advanced Drainage Systems known as AdvanEdge. The State 
was considering a ban on this particular geocomposite edgedrain, but was 
encouraged to undertake an investigation of the problem in the field. 

On Wednesday morning, numerous edgedrain outlets were observed on a 
section which exhibited some of the heaviest shoulder staining. All of 
the outlets were clear and functioning as evidenced by the red stains 
from eroded subgrade fines on the concrete headwall. At several 
outlets, a crystalline growth was observed on the rodent screens and 
outside the outlet pipe. It was speculated that this was the result of 
latent calcium carbonate precipitate being released from the cracked and 
seated PCC. Although all the outlets observed had drained, several of 
the flexible outlet pipe laterals had a slight reverse grade which 
inhibited the flow from the edgedrain system. 

After traffic control had been set up, four cutouts approximately 
g inches square were jack hanvnered through the shoulder pavement to 
expose the top of the geocomposite edgedrain for observation and for 
insertion of the borescope. The edgedrain was located approximately 
l·foot from the longitudinal pavement/shoulder joint interface area as 
shown in figure 1. In the afternoon, the operation moved to another 
location further south in the vicinity of post mile 109 to borescope 
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another section of geocomposite edgedrain where the staining was 
apparent. Again, four 9-inch square cutouts were made to expose the top 
of the geocomposite edgedrain. The top of the edgedrain was cut open to 
expose the inside and to allow ins~rtion of the borescope. Again the 
edgedrain was found to be approximately I-foot away from the edge of the 
PCC pavement. In both areas borescoped, fines were observed in the 
bottom of the edgedrain core and a small amount of water was observed as 
well. Once the borescope was inserted into the edgedrain, fines could 
be observed coming from the slots with the bottom row of slots in many 
cases being completely silted up. Fines were observed adhering to the 
inside of the geotextile encapsulating the plastic core and being 
carried away in the outflow in the core. The geocomposite edgedrain did 
not show any signs of crushing. Also, fine material at 3/4 to 1 inch 
depth was noted in the bottom of the edgedrain. 

On Thursday morning, a section of the right shoulder in the vicinity of 
post mile 108 (southbound) which exhibited the heaviest shoulder 
staining was excavated. A trench approximately 20 feet long, 3 feet 
wide, and 3 1/2 feet deep, I-foot out from the pavement structure was 
excavated. Midway in the excavated trench, a 2-foot section of the 
geocomposite edgedrain (ADS' AdvanEdge) was carefully excavated and cut 
out from the edgedrain system for testing and evaluation. The bottom of 
the edgedrain contained 1 to l 1/2 inches of silt/clay (minus No. 200 
sieve) material. Excavation of the material between the edgedrain and 
the pavement structure ensued. Very little free moisture was apparent 
in the material surrounding the edgedrain or in the base material 
beneath the pavement and shoulder. This material was moist but not 
saturated until the excavation came within a half-inch of the pavement 
structure. Once the material had been removed adjacent to the PCC 
pavement, water was observed flowing through the cracks of the cracked 
and seated PCC pavement, along voids between the PCC and shoulder base 
material, and at the PCC/AC overlay interface. No moisture was observed 
traversing the slab/subbase interface as the PCC was well cracked and 
seated on the subbase. Observations of the AC overlay in the staining 
areas, revealed a high percentage of voids in the mix. Also, fines were 
observed adhering to the AC overlay aggregate throughout the base course 
and the surface course layers. 

Two crude percolation tests wer~ conducted on the AC overlay. A paper 
cup with the bottom cut out was placed on the surface and sealed with 
grease. Water was then poured into the cup and the movement of water in 
relation to a reference point was observed. The first test was 
performed in the right wheelpath and the second was performed near the 
lane lines between the two southbound lanes. Very little water . 
percolated through the traffic compacted AC in the wheel path. However, 
the second area tested, which was not in the wheelpath, accepted water 
at a surprising rapid rate -- an inch of water in the Z 1/2-inch 
diameter cup percolated through the AC surface in approximately 30 
seconds. Again this was a crude test but it gave a good indication of 
the permeability of the AC overlay. This suggests that poor compaction 
of the AC overlay is allowing water to permeate down through the overlay 
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and the cracked and seated PCC before being pumped back up through the 
overlay and staining the shoulder. 

A c1oseout discussion was held at the site. The recommendations 
suggested are those that appear below. 

We then went on to review other previously cracked and seated and 
overlaid PCC pavements from this section on up to the stateline. 
Staining of the right shoulder was observed at isolated locations. The 
longitudinal edgedrain used on the sections varied from two different 
types of geocomposite edgedrain types to the State's conventional 
geotextile wrapped pipe edgedrain. The extent and degree of staining on 
these sections was less than that noted on sections on projects that 
were observed previously. 

CONCLUSIONS: 

The staining of the shoulder is the result of moisture infiltrating down 
through the insufficiently compacted AC overlay and into the cracked and 
seated PCC pavement. There it travels laterally through the cracks to 
the pavement/shoulder interface. The base material surrounding the 
cracked and ·seated PCC is dense-graded and impermeable. In addition, 
location of the edgedrain prevents the free flow of moisture from the 
cracked and seated PCC to the edgedrain. As a result, moisture is 
trapped in the cracked and seated pavement. Under traffic loadings, 
sufficient pressures are developed to pump water and fines through the 
AC overlay and out onto the surface. 

RECOMMENDATIONS: 

There were several reconrnendations suggested: 

1) Retrofit longitudinal edgedrains, whether conventional trench or 
geocomposite, should be placed such that a large area of the 
edgedrain is in contact with the cracked and seated PCC pavement. 
Moisture cannot be effectively drained from a very dense 
impermeable material (i.e., the aggregate base or clay subgrade) 
and as a result more surface area of the edgedrain should be 
provided adjacent to the PCC pavement to drain the moisture that 
moves through the cracked pavement (see figure 2). 

2) Additional attention to AC paving and compaction is recorrvnended. 
Tighter more compacted AC pavement layers will reduce the amount 
of moisture infiltrating the pavement structure. This, in turn, 
will reduce other potential problems such as stripping of the 
asphalt cement from the aggregate from occurring. 

3) It is recommended that rigid PVC pipe be used for outlet laterals 
to ensure a proper grade for the outlet. 
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REMARKS: 

4) It is reconunended that various types of geocomposite edgedrains, 
conventional aggregate pipe edgedrains (with different geotextile 
placements}, and a control section be evaluated to determine which 
if any edgedrain performs b~tter and if retrofit longitudinal 
edgedrains themselves increase the service life of the pavement. 

The State and the FHWA Division should be commended for undertaking this 
type of investigation to determine the probable cause for the problem 
noted. Good engineering is extremely important in understanding the 
problem and in making sound decisions on modifications to design and 
construction practices and procedures to alleviate the problem. 

ADDITIONAL INFORMATION: 

On June 5, 1989 another section of cracked and seated and overlaid PCC 
pavement further north was excavated. This 9-inch PCC pavement had been 
rehabilitated with a geocompos;te edgedrain and a 4-inch AC overlay 
approximately I year ago. A section of the pavement exhibited staining 
on the shoulder similar to that discussed previously. The geocomposite 
edgedrain used on this section was Monsanto's Hydraway. Again, it had 
been placed approximately I-foot from the edge of the pavement, however, 
because of the different nature of the subbase material, water was able 
to flow through the material and into the drain. Outlets were located 
200 feet south and 300 feet north of the excavation. When material 
surrounding the geocomposite edgedrain was excavated, water seeped 
through the geotextile and into the trench. A section of the 
geocomposite edgedrain was cut out for laboratory testing. When the 
section was removed, water drained into the trench from either end 
indicating that this section of edgedrain was located in a sag vertical 
curve with no outlet. The accumulated water ponded and filled the 
edgedrain. When sufficient pressure was exerted water and fine material 
was forced up through the AC overlay and out onto the shoulder. An 
edgedrain outlet was installed by State personnel at this location to 
rectify the problem. 
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Subbase/subgrade 
fines staining 
shoulder. 

Subbase/subgrade fines staining AC 
overlay on superelevated section. 
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Geocomposite edgedrain {lower left) located 
approximately 1-foot from cracked and seated 

PCC pavement ~upper right). Impermeable material 
lies between edgedrain and pavement. 

Subbase\subgrade fines adhering to 
AC overlay aggregate. 
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BACKGROUND 

SUBSURFACE DRAINAGE 
OF 

PORTLAND CEMENT CONCRETE PAVEMENTS 

WHERE ARE VE? 

December 1991 

The drainage of concrete pavements has been a significant activity in the 
Pavement Division, since the formation of the Division in 1986. The AASHTO 
Guide for the Design of Pavement Structures (1986) had been recently published 
and addressed drainage as an essential element of pavement design. The 
Federal Highway Administration's (FHWA) January 13. 1989 Pavement Policy 
encouraged a drainage analysis for each new, rehabilitation, and 
reconstruction pavement design. 

During the summers of 1987 and 1988 reviews were conducted in those States 
that were constructing permeable bases under portland cement concrete .(PCC) 
pavements. The States identified were California, Iowa, Michigan, Minnesota, 
New Jersey, North Carolina, Pennsylvania, West Virginia, and Wisconsin. 
During the previous S years permeable bases beneath high-type PCC pavements 
had become standar.d in these States, with California specifying them beneath 
AC pavements, as well. The review included gathering information from each 
State on design, use, constr~ftion, cost, and performance of permeable bases. 

In general, the States that were using permeable base pavements could be 
grouped into two categories ·- those that used an untreated permeable base and 
those that used a treated permeable base. The untreated permeable base 
materials generally had a lower coefficient of permeability, whereas treated 
permeable bases had a much higher coefficient of permeability. The untreated 
permeable base material contained more smaller sized aggregate to give it 
stability and, tended to be less permeable. On the other hand, a treated 
permeable base had a cementing agent, 2 to 3 percent asphalt cement or 2 to 4 
bags of cement per cubic yard, for stability. The result was an open material 
with high permeability. 

The approach to permeable base design varied among the States with California, 
Michigan, New Jersey, and Pennsylvania having the most experience. Most of the 
other States constructing permeable bases investigated the designs used by 
these States and modified them for their own use. · 

Although the philosophies differed with respect to degree of permeability, the 
end result was that the States believed that rapid base drainage was extremely 
important. Some States believed that the highest permeability that could be 
obtained with readily available materials was best. Whereas, other States 
believed that a less permeable material which was similar to their existing 
base material in availability, cost, and stab)lity, but which had some of the 
fines removed to provide permeability, was sufficient. 

States using untreated permeable bases were; Iowa, Michigan, Minnesota, New 
Jersey, Pennsylvania, and Wisconsin. Iowa's, Minnesota's. and Pennsylvania's 
permeable base gradation was derived from their conventional dense-graded 
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aggregate base gradation with some of the fines removed. New Jers.ey's 
gradations were based on a 50/50 blend of AASHTO No.'s 57 and 9 stone. 
Michigan's and Wisconsin's gradations were developed through testing of 
various permeable gradations. Both Iowa and Michigan allowed recycled PCC 
pavement, with some of the fines removed, to be used for their permeable base. 

States using treated permeable bases were California, North Carolina, and West 
Virginia. The predominant material used for stabilization was asphalt cement 
at approximately 2 percent, although California allowed portland cement at 2·4 
bags per cubic yard as an option. Both North Carolina and West Virginia 
utilized AASHTO's No. 57 stone gradation. California's gradation was similar 
to the AASHTO No. 57. 

There was a wide range of permeability. The untreated permeable bases 
generally had a lower coefficient of permeab111ty •• tn the range of 200 to 
3,000 feet per day. The treated permeable bases all had a very high 
coefficient of penneability ·- from 3,000 to 20,000 feet per day or higher. 
The permeability was determined using either a falling head or constant head 
permeameter fo1low1ng standard test procedures. 

The States that used an untreated permeable material believed it was 
structurally equivalent to a dense-graded aggregate base. New Jersey had 
gyratory shear and repeated load triaxial tests performed on their untreated 
and asphalt cement treated permeable materials at the Corps of Engineers · 
Waterways Experiment Stat1on (WES). Results indicated that both had bear1ng 
capacities similar to dense-graded aggregate base.· Also, 1/2 million wheel 
loads were applied to the same test section, which was subject to periodic 
flooding, and it exhibited good performance. Pennsylvania had tests performed 
on their untreated permeable material at the Penn State University Test Track 
and found that it provided support similar to a dense-graded aggregate base. 
Kentucky and Minnesota did not give the untreated permeable material credit in 
their structural sections. 

The States that used a treated permeable base believed that the permeable 
material provided support similar to a dense-graded AC base. West Virginia 
performed a plate load bearing test on their first asphalt treated permeable 
base. A resultant K-value of 200 pounds per cubic inch (pci). California 
performed laboratory compressive tests on their asphalt cement treated 
permeable material and found that it provided more support than dense-graded 
aggregate material. 

Overall, construction of permeable base pavements was found to require more 
care than dense-graded aggregate bases. The treated permeable bases had 
sufficient stability for construction traffic, however, extra care was needed 
to prevent contamination of the layer. Untreated permeable bases, although 
sufficiently stable to pave on, were more easily displaced than dense-graded 
base. Additional care was required by equipment operators and truck drivers 
when placing and finishing the pavement. Quite often, a roller was used to 
•dress up• the permeable material inmediately 1n front of t~e paver. 

Another concern with the untreated permeable aggregate material was the 
possible segregation of the material during placement and degradation of the 
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aggregate under construction traffic. Several States specified that untreated 
permeable aggregate be placed at a certain percent moisture to reduce 
segregation. 

The grade of the treated permeable materials was more difficult to modify once 
it had been placed and compacted. High and/or low spots at the longitudinal 
joint between asphalt cement treated paving passes was co11111on and some method 
of modifying the grade (i.e., trinrning with a blade or autograder) was 
required. Also, keeping the highly permeable base material clean and free 
from contamination was a concern. Both North Carolina and West Virginia 
required that the filter fabric between the subgrade and permeable base layer 
be wrapped or lapped up around both edges of the permeable base. California 
required sufficient filter fabric to line the edgedrain collector trench and 
to wrap up and over the low side of the permeable bas• layer. 

PROMOTION 

The permeable base reviews conducted during 1987 and 1988 revealed that 
permeable bases could be constructed without significant changes to 
conventional practices. However, there were questions raised that needed to 
be addressed. In Michigan early distress on several projects were partially 
attributed to the lack of stability of the permeable base. The paving 
contractors raised a number of issues including: the cost effectiveness of 
using permeable bases on lower volume routes, adequate stability for normal 
construction operations, and the availability of aggregate in all locations 
(since a crushed gap graded aqgregate is required there is more waste in a 
gravel source). The States also have raised questions on needed permeability 
and stability and the lack of long term performance data. 

Reviews of existing pavement subsurface drainage systems indicated a general 
lack of maintenance. In every State visited, outlets were found that were 
completely plugged. There was 1 concern that, unless the maintenance of the 
outlets was given high priority, the use of permeable bases could cause more 
harm than good. An undrained permeable base would become a large reservoir of 
water under the pavement which could saturate and weaken the subgrade. 

Since the findings of the review were generally positive it was concluded that 
an effort should be undertaken to promote the use of permeable bases, while 
continuing to evaluate existing ~nd ongoing projects. The promotional 
activities can be grouped 1nto three areas: Conferences and Presentations, 
Issuance of Technical Guidance, and Development of Demonstration Project 87. 

Conferences and Presentations 

Since 1988 members of the Pavement Division staff have made presentations on 
the design and construction of permeable bases to numerous seminars and 
meetings across the United States such as: Region 3 Quality Assurance 
Workshop, University of Wisconsin Short Courses, Fourth International 
Conference on Concrete Pavement Design and Re~abilitation, Illinois 
Transportation Conference, Western Concrete Pavements Conference, Nevada 
Transportation Conference, Annual Convention of the National Stone 
Association. In ·addition multi state drainage conferences were held in 
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Williamsburg, Virginia; Memphis, Tennessee; Denver, Colorado; and Madison, 
Wisconsin. The Pavement Division has also provided technical assistance to 
many individual States. 

I1suance of Technical Guidance 

Technical Guide Paper 90-01 on Subsurface Pavement Drainage was issued 
November 15, 1990 to provide interim guidance. Originally the information 
contained in the guide paper was going to be issued as a technical 
advisory (TA). However, State and industry reviewers voiced concerns that the 
technology had not developed to the point wh•re it should be included in a TA, 
given the •policy• status that a TA sometimes implies. We concurred with this 
viewpoint. We plan to issue a TA when procedures have been fully developed 
and evaluated. The purpose of the guide paper is to provide guidance on the 
current state-of-the-art for the design construction and 111.intenance of 
subsurface drainage systems. 

The Concrete ·Pavement Drainage Rebab1litat1pn State of the practice Report was 
published in April 1989. This report sW11111rized the current edgedrain 
practices in ten States. 

. 
Chapter 10, EHWA Pavement Rehabilitation Manual, Longitudinal Edgedrains was 
issued. This chapter examines subsurface drainage and the need for and_the 
use of longitudinal edgedrains in relation to the design, construction, 
rehabilitation and maintenance of pavements. . . · 

. 
Deyelopment of Demonstration BZ, 

. . 
This Demonstration Project 1s being developed to focus on the proper design, 
construction, and maintenance of permeable bases under PCC pavements. In 
April 1990, a meeting was held with participants from FHWA, States, and the 
concrete paving industry to discuss the best approach to follow in the 
development of a Demonstration Project for permeable bases. It was consensus 
of the participants that we should develop a demonstration project which 
presented the benefits of permeable bases, discussed proper design and 
construction procedures, and highlighted the importance of proper maintenance. 

It was the conclusion of the group that the information contained in the 
Highway Subsurface Design Manual needed to be updated. Therefore, as part of 
the development of the demonstration project a new text 1s being written. The 
group also recorrmended that models be developed to demonstrate visually the 
velocity of flow through aggregate gradations with different coefficients of 
permeability. These models have been constructed and used at several 
persentations. 

There was also the reco11111endation that we participate with Wisconsin 1n a 
study of cement stabilized open graded base (CSOGB). This study was 
undertaken in cooperation with the State and contractor. The study resulted 
in a better understanding of the relationship between cement content, 
strength, and the ability of CSOGB to carry construction traffic. 
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A pilot of the demonstration project presentation was given in November 1991. 
Based on comments received at the pilot, revisions are now being made. The 
demonstration project is expected to be ready for presentation in March 1992. 

OTHER ACTIVITIES 

The Pavement Division has worked closely with the Strategic Highway Research 
Program (SHRP) 1n the development of permeable base sections for SPS·l and 
SPS-2. These sections reflect the state-of-the-art and should provide the 
information needed to verify the structural capacity and performance benefits 
of permeable bases. 

A research contract 1s underway to evaluate the effects of various design 
features on the performance of jointed concrete pavements. Subsurface 
drainage is one of the features which is being evaluated. 

RESULTS TO DATE 

Nineteen of ihe ~3 States and Territories, that build PCC pavements, routinely 
use permeable bases under their PCC pavements. An additional 12 States have 
constructed an experimental permeable base project or plan to construct one. 
Table 1 is a list showing which States construct PCC pavements and the type of 
bases used. In addition. 19 States and Puerto Rico have State funded or HPR 
studies involving.improved pavement drainage. 

CONCLUSI~NS AND RECOMMENDATIQNS 

We believe that permeable bases provide a viable alternative for PCC pavements 
on higher volume routes where pumping and moisture related distress are the 
pr1nc;ple cause of pavement failure. 

The technology is gaining wide acceptance as evidenced by the large increase 
in the number of States which are now using or plan to use permeable bases. 

It is recommended that FHWA focus its activities on providing the States with 
information on the best available technology and the results of performance 
and design studies currently underway. We also need to continue to emphasize 
the importance of proper maintenance. This can best be accomplished through 
the demonstration projects program, emphasizing the need to consider drainage 
in our public presentations, and working with the States on a one-on-one 
basis. We need to continue to work closely with the States and contractors to 
be aware of their successes and failures, so the latest information is 
included in our presentations. 
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STATES 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 

New Jersey 

New Mexico 

New York 

North Carolina 

North Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode Island 

South Carolina 

South Dakota 

USE 
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N 

y 

y 

y 

y 

y 

y 

y 

N 

y 
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y 

y 

y 

y 

y 

y 

y 

N 

y 

y 
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CRCP JRCP JPCP 
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x 
x 

x 
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x 

x 

x 

x 
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x 
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x 

x 

x 
x x 

TYPE OF BASE TRY COMMENTS 
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BASE7 
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N 

x 
x 

x 
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x y 

; N 

x 

N 
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x 
x A TPB In future 

x N 

x 
x x 
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N 

x 
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STATES 

Tennessee 

Texaa 

Utah 

Vermont 

Virginia 

Washington 

Weat Virglni. 

Wisconsin 

Wyoming 

Puerto Rico 
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PCC 

y 

y 

y 

N 

y 

y 

y 

y 

y 

y 

PCCP TYPE 

CRCP JRCP JPCP 

x 
x x x 

x 

x 
x 
x 
x 

x 

TYPE OF BASE TRY COMMENTS 
PERM. 
8ASE1 

Dense Graded Open Graded 

AGG CTB ATB OGAB ATPB CTPB 

x Considering No. 57 perm. 

x x y Two projects being built 

x N 

N 

x 
x x N Use perm base ff needed 

x x 
x 

x x 
x y 
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Suorect 

From 

To 

·Memorandum 

INFORMATION: Distribution of Proceedings 
Western States Orainable PCC Pavement 
Workshop 

Director, Office of Engineering 
For: Director, Office of Technology 

Applications 

Regional Administrators 
Federal Lands Highway·Program Administrator 
ATTENTION: Technology Transfer Coordinators 

Dale 

Reotv re 
Atrn Of 

AUG : C 129~ 

HNG-42 

The Federal Highway Administration, in cooperation with the California 
Department of Transportation along with the Southwest Concrete Pavement 
Association, sponsored the subject conference in Sacramento, California, 
during July 21-22, 1993. This memorandum transmits copies of the proceedings 
(Publication No. FHWA-SA-94-045) and provides you with an update on our 
pavement drainage efforts. 

Presentations describing the design and construction procedures used in the 
construction of permeable bases were made by the various western State hig~ay 
agencies (Arizona, Califo~~ia, Nevada, Oregon, Washington, ,and Wyoming). fhe 
proceedings were compiled by Hr. James H. Woodstrom of the Southwest Concrete 
Pavement Association. 

Currently, we have completed presentations of Demonstration Project No. 87 
{DP 87), "Orainable Pavement SystemsM in 42 States, Puerto Rico, and the 
District of Columbia. This demonstration project primarily covered drainage 
of Portland Cement Concrete (PCC) pavements. Unfortunately, one of the 
reoccurring comments during the presentation was that it did not cover drainage 
of flexible pavements or retrofit longitudinal edgedrains. 

On June 6·8, a Technical Working Group· (TWG) on Flexible Pavement Drainage 
Design was convened to develop input for the design and construction of 
permeable bases for flexible pavements. Discussions and input from the TWG 
are being reviewed by the Pavement Division and a design consensus will be 
formulated. This guidance will be provided to the field. 

The National"11ighway Institute will also incorporate this new guidance on 
flexible pavement drainage design in its new NHI Course No. 13126. "Pavement 
Subsurface Drainage Design." This·training course will be a complete drainage 
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package covering PCC and flexibl~ pavements and retrofit longitudinal · 
edgedrains. A Request for Prop·osal for the course has .been developed and hu 
been forwarded to the Office of Contracts and Procurement. The development 
time will be approximately 2 years. 

Sufficient copies of the publication have been distributed to provide one 
copy to each regional office, and two copies to each division office. Direct 
distribution has been made to the division offices, which ar.e asked to 
forward one copy to the State. If additional copies of the proceedings are 
desired, or if you have any questions regarding DP 87, the western States 
report, or pavement drainage, please contact Project Manager Bob Baumgardner 
at 202-366-4612. · · 

~~-. 
/i ~ v . 
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US Oe$XJ Iii enf 
of la spa ICflOl 1 

F9deraf Highway 
Administtation 

Sub1ec1 At;TION: Demonstration Project No. 87 
"Drainable Pavement Systems• 

From Director, Office of Engineering 
Director, Office of Technology Applications 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 
ATTN: Technology Transfer Coordinators 
Regional Pavement Engineers 

Memorandum 

"D<ite 

Reply to 
Attn Of • HNG-4Z 

We are pleased to announce that the subject demonstration project is available 
to State highway agencies (SHA's). 

The pavement structural section is the single most costly element of a highway 
system. Water in the pavement section has been determined to be a factor in 
premature pavement deterioration. Inadequate base drainage has been 
identified as a nationwide problem, particularly in concrete pavements. A 
number of SHA's have developed innovative pavement designs and construction 
practices that have been successful in draining the pavement section. 
Application of these innovative techniques can reduce premature pavement 
failures and extend the useful life and investment in the Nation's roadways. 

To demonstrate these newer-pavement arainage techniques and other concepts, 
the Federal Highway Administration's (FHWA) Office of Teconology Applications 
and Office of Engineer;ng have developed Demonstrat;on Project No. 87, 
"Orainable Pavement Systems.• The project centers around classroom 
discussions that provide current state-of-the-art guidance for designing, 
constructing, and maintaining permeable base drainage systems. Detailed 
guidance will. be provided for the design and construction of both unstabilized 
and stabilized permeable bases. The staff will also demonstrate the 
permeability of different base course materials. 

Forwarded under separate cover are additional copies of the attached project 
flyer. These flyers are for distribution to the State agencies in your 
region. Interested agencies should submit requests for the demonstration 
project through the local FHWA office. 

-Please call Project Manager Robert Baumgardner at (202) 366-461Z, should you 
have any questions. 

~- ~'t?P~~ /,?. ~ ~~A. Berna~:t.- ~ Tbomas O. Willett 

Attachments 
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Sub1ect 

From 

To 

o· 
USOepor\'ment 
Of Trcnspor!CTlOn 

Federal Highway 
Admtnistratton 

Memorandum 

INFORMATION: "Effectiveness of Highway Edgedrains,• 
Experimental Project No. 12, Concrete Pavement ·oa1e 
Drainage Rehabilitation 

Chief, Pavement Division 
Chief, Engineering Applications Division 

Federal Regional Highway Administrators 
Division Administrators 
Federal Lands Highway Program Administrator 

APR I .4 !993 

Reply 10 • HNG-40 
Attn of HTA-20 

Transmitted under separate cover are sufficient copies of the subject report 
for use by you and your States. This study measured concurrent rainfall and 
edgedrain discharges, piezometric water levels and soil moisture under the 
pavement and shoulders in 10 States (Alabama, Arkansas, California, Illinois, 
Minnesota, New York, North Carolina, Oregon, West Virginia, and Wyoming). 
This report should be of interest to State pavement design and research 
engineers in your region. We would like to take this opportunity to thank you 
and the participating State and division staffs for making this project a 
success •. 

We believe that a principal contribution that this report makes is that it 
provides an excellent guide to any State interested in developing a pavement 
drainage study. The pavement instrumentation necessary for drainage is well 
documented. 

Your attention ;s particularly direct'ed to the CONCLUSION, Effectiveness of 
Edgedrains, section on page 78 of the subject report. We feel that the 
following three statements have considerable impact on the national pavement 
subsurface drainage effort to reduce damage to the pavement structure caused 
by surface infiltration through joints and cracks: 

o •Retrofitting longitudinal edgedrains to an existing highway provides a 
sink to collect water draining laterally off pavement surfaces, as well 
as water reaching the edgedrain through subgrade voids and channels.• 

o •Tight, low permeability subgrade material precludes ready, lateral 
drainage with or without edgedrains.• 

o •1r trighway restoration, as well as construction, includes provisions 
for a permeable subgrade (base), as well as edgedrains, the two together 
should prove the most efficient in restoring the highway.• 

We would like to direct your attention to Column (8) of Table 3 on page 64. 
The wide range of the percent of rainfall that shows up in the edgedrain 
dhcharges indicates how difficult it is to design .edgedrain systems. 
Therefore, this study fully supports the •nme-to-Drain• concepts presented in 
Demonstration Project No. 87, •orainable Pavement Systems• (Dell'IO 87). 

s.a.01 

Arch
ive

d



We would like to take this o~portunity ta update you.on our pavement drainage 
efforts. Currently, we are making presentations of Demo 87. Attached is a 
map showing the progr~ss of the project. It should.be noted that this project 
only covers drainage of new or reconstructed portland cement concrete (PCC) 
pavements with permeable bases, a separator layer and edgedrains. Drainage of 
asphalt concrete (AC) pavements o~ retrofit longitudinal edgedrains is not 
covered in the demonstration project. 

The next generation of our pavement drainage activities will include the 
development of the National Highway Institute Course No. 13126, •Pavement 
Subsurface Drainage Design.• Drainage of pavement infiltration for both PCC 
and AC pavements, along with retrofit longitudinal edgedrains, will be 
covered. This project is in the conceptual stage with a National Highway 
Institute proposal under development. 

A limited number of additional copies Qf .the attached report are available 
from our Report Center, or by purchase from the Geological Survey (Report No. 
WRRI 92-4147, cost · S13.00, and telephone number (303) 236-7476): 

U.S. Geological Survey 
Books and Open-File.Reports Section 
Box 25286, Federal Center 
Denver, Colorado 80225 

If you have any additional questions, pleas~ contact Mr. Robert Baumgardner 
{202) 366-4612 in the Pavement Division. 

Attachments 
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Sub1ect 

From 

~~ 
U.S. Deportment 
Of Trcnsponation 

FederalHighYitay 
Administration 

ACTION: Maintenance of Pavement Edgedrain 
Systems 

Associate Administrator for 
Program Development 

Memorandum 

Date 

Reply to 
Attn of 

MAR 2 I 1995 

To Regtonal Administrators 
Federal Lands Highway Program Administrator 
ATTENTION: Regional Pavement Engineers 

The purpose of this memorandum is to strongly reiterate the need for 
maintenance of edgedrain systems. We have become increasingly concerned about 
the lack of maintenance of the edgedrain systems that we have observed around 
the country. Recently, one of our division offices made an extensive review 
of the maintenance of pavement edgedrain systems and prepared an excellent 
report documentin~ their findings. Attached is a copy of their. report 
"Maintenance of Pavement Underdrain System.• The reference to the identity of 
the division off;ce and the State highway· agency has been removed at their 
request. We reconnend that the division offices in your region conduct 
similar field evaluations of existing edgedrain systems. 

Sufficient copies of the publication are attached to provide one copy to each 
regional office, and two copies to each division office. We ask that this 
report be forwarded to the State. If additional copies of the report are 
needed, please contact Mr. Robert Baumgardner at (202) 366-4612. 

We cannot over emphasize the importance of proper construction and maintenance 
of pavement edgedrain systems. If water is not rapidly removed from these 
systems, they will serve as reservoirs saturating pavement bases and causing 
rather than preventing accelerated pavement deterioration. 

Currently, we are finalizing a service contract for the video inspection of 
highway edgedrains. This service will assist you and the State in evaluating 
pavement drainage systems. The video inspection will provide a qualitative 
picture of edg.edrain conditions in the State. 
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US. Deporrment 
of Trcnspor!CfJOn 

Federal Highway 
Administration 

Sub1ec1 INFORMATION: Pavement Subsurface Draina 
Activities 

F~m Chief, Pavement Divison 

To. Regional Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

Date DECf6~ 

Rt:JJly !O 

Ann ot HNG-42 

The purpose of this memorandum is to update you on our pavement drainage 
activities and transmit a copy of the Demonstration Project No. 87, (Demo 87) 
•orainable Pavement Systems Instructor's Guide•. This publication provides a 
capsulized picture of pavement subsurface drainage design. Demo 87 was 
presented in over 40 States, Puerto Rico and the District of Columbia . 

. Attached is a map showing participation. 

With the successful completion of the first phase of Demo 87, we are moving 
into Phase II of Demo 87, which consists of three activities: 

First, a Technical Working Group (TWG) on Flexible Pavement Drainage 
Design consisting of participants from FHWA, State highway agencies 
(SHA's), univ~rsities, .and industries was convened in June of this year. 
The participants provided input as a TWG by drawing on their experience 
and expertise. Wide ranging discussions on the design and construction 
of flexible pavements revealed that there was no clear definition of the 
role of drainage in flexible pavements. One point of consensus was 
that, if a permeable base was provided in a flexible pavement, it would 
primarily combat pavement inftltration water; it would not solve ground 
water problems. A summary of the TWG workshop's notes was transmitted 
to each regional office by memorandum dated November 21, 1994. 

Second, we have developed a ·Proposal (RFP) entitled •video Inspection of 
Highway Edgedra1ns,• which is now being considered for contract award. 
This will provide SHA's with a qualitative video picture of edgedrain 
conditions. Upon request of the SHA, the video contractor will be 
available to the SHA for up to a week to investigate the edgedrain 
in-situ conditions. Both existing edgedrains and new construction could 
be viewed on both AC and PCC pavements. After the inspection, the 
ContractGr'11111 provide the SHA with a copy of video tapes and 35 mm 
slides taken during the inspection. Also available will be Graphic 
Information System {GIS) output documenting both the vertical and 
horizontal alinement of the edgedrain system. We expect this activity 
to be available about March 1, 1995. 
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Third, we are interested in continuing to develop expertise and provide 
technical support in the construction-of permeable base and drainage 
systems for both flexible and concrete pavements. We would appreciate 
feedback from your office to identify upcoming construction projects, so 
that we can assess developing construction techniqu~s and practices and 
provide technical support as appropriate. We encourage studies to 
evaluate the effect of drainable systems on pavement performance 
(particularly AC pavements) which includes a non-drained control 
section. Please keep us informed of any studies underway or planned. 

Attached is a brief one-page description of our current drainage activities 
that you may want to disseminate to your division offices and SHA's. 

2 Attachments 
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SUMMARY OF AIWA'S CURRENT PAVEMENT SUBSURFACE DRAINAGE ACTIVITIES 

December 1994 

Demonstration ProjeCt No. 87, •orainable Pavement Systems• (Demo 87) provided 
detailed design and construction guidance for drainage systems under Portland 
Cement Concrete (PCC) pavements. Established drainage design procedures were 
combined with the state-of-the-art in practical permeable base construction to 
provide a well balanced approach for the drainage of PCC pavements. Detail 
design_ and construction guidance was provided for permeable bases, separator 
layers and edgedrains. Demo 87 was presented in over 40 States, Puerto Rico 
and the District of Columbia. With the successful completion of the first 
phase of Demo 87, we are moving into Phase II of Demo 87 which consists of 
athree activities. 

First, a Technical Working Group on Flexible Pavement Drainage Design (TWG) 
consisting of participants from FHWA, State highway agencies (SHA's), 
Universities, and Industry was convened in June of this year. The 
participants provided input as a TWG by drawing on their experience and 
expertise. Wide ranging discussions on the design and construction of 
flexible pavements revealed that there was no clear definition of the role of 
drainage in flexible pavements. The only point of consensus was that, if a 
permeable base was provided in a flexible pavement, it would primarily combat 
pavement infiltration water; it would not solve ground water problems. 
A sU11111ary of the TVG workshop is available. 

Second, we are preparing to award a contract in response to a Request for 
Proposal {RFP) entitled •video Jnsptct1on of Highway Edgedra1ns• contract. 
This will provide State highway agencie$ (SHA's) with a qualitative video· 
picture of edgedrain conditions. Upon request of the SHA, the Contractor will 
be available to the SHA's for up the a week to investigate the edgedrain in 
situ conditions. Both existing edgedrains and new construction for AC and 
PCC pavements could be viewed. The equipment cannot inspect •f;n• drains or 
round pipe less than 100 nn diameter. After the inspection, the Contractor 
will provide the SHA with a copy of video tapes and 35 11111 slides taken during 
the inspection. Also, Graphic Information Systems (GIS) information on 
edgedrain vertical and horizontal alinement will be provided. We expect this 
activity to be available by March· 1, 1995. 

Third, we are interested in continuing to develop expertise and provide 
technical support in the construction of permeable base and drainage systems 
for both flexible and concrete pavements. To accomplish this activity, field 
trips will be made to view construction and provide technical support for 
placing permeable bases in both rigid and flexible pavements. We are also 
interested in::Jtudies evaluating the effect of these systems on pavement 
performance. 
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We are now finalizing a RFP entitled •pavement Subsurface Drainage 
Microcomputer Program.• This microcomputer program will replicate the design 
procedures contained in the Demo 87 Participant Notebook. This will provide 
engineers with a useful tool for drainage desig~. 

The National Highway Institute (NHI) has advertised a RFP for developing a 
training course entitled NHI Course No. 13126 •pavement Subsurface Drainage 
Design.• Drainage guidance for PCC and flexible pavements, along with 
retrofit edgedrains, will be compiled into a comprehensive pavement drainage 
training course. The length of the course will be about 3 days and will 
follow a slide·lecture format. This training course will be available to all 
SHA's and Industry though NHI. 
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CHAPTER 6 

SHOULDER 

6.1 TA 5040.29, Paved Shoulders, February 2, 1990. 
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0 .:: 1i U.S. DEPARTMENT OF TRANSPORTATION t ~ . . 
~ ~ FEDERAL HIGHWAY ADMINISTRATION " ~t.itrui:Ji 

SUBJECT FHWA TECHNICAL ADVISORY 
T 5040.29 

PAVED SHOULDERS February 2, 1990 

Par. 1. PUrpose 
2. Cancellation 
3. Definition 
4. Backqround 
s. Shoulder Type Selection 
6. Design 
7. Common Distresses 
8. Summary 
9. References 

10. Fiqures 

1. PUBPQSE. To outline recommended practices for the design of 
paved shoulders. 

2. CAHCET.T.ATION. Technical Advisory T 5040.18, Paved 
Shoulders, dated July 29, 1982. 

3. DEFINITION. Shoulder - the portion of the roadway 
contiquous with the traveled way for accommodation of 
stopped vehicles for emergency use, and for lateral support 
of the base and surface courses. 

4. BAC1{GROQND 

a. over the years, the function of shoulders adjacent to 
mainline pavements has broadened considerably. Some of 
the added functions of modern roadway shoulders are: 
to accommodate an increasing encroachment of traffic1 
to expedite water-runoff from travel lane pavement1 to 
provide added space for construction and maintenance 
activities1 to provide other usaqe such as bicycle 
paths or slow moving vehicles and equipment lanes; to 
reduce edqe stresses and edqe and corner deflections1 
and to reduce the development of pavement edqe drop-
of f s. 

b. Paved shoulders are required on all Interstate routes. 
The decision to pave a shoulder on other routes is an 
enqineerinq determination based on traffic volume, past 
experience and availability of funds. Paved shoulders 
are justified by improved and smoother traffic 
operations, expectation of better pavement performance, 
increased pavement life, enhanced hiqhway safety and 
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reduced maintenance. Studies included in TRB Special 
Report 214, "Desiqning Safer Roads - Practices for 
Resurfacing, Restoration, and Rehabilitation" and 
Publication No. FHWA/RD-87/094, "Safety Cost­
Effectiveness of Incremental Changes in Cross-section 
Design -- Informational Guide" have cited reduced 
accident rates with the use of paved shoulders. 

5. SHOULDER TYPE SELECTION 

a. It is recoJD111ended that the shoulder be constructed of 
the same materials as the mainline pavement in order to 
facilitate construction, improve pavement performance 
and reduce maintenance costs. 

b. The use of full-width paved shoulders is desirable. 
However, the additional cost of this design may not be 
warranted·on all projects. In those cases, the use of 
widened lanes should be given strong consideration. 
Widened lanes reduce edge stresses and the potential 
for edge drop-offs, increase safety, and reduce 
maintenance costs. A monolithic widening of 2 to 3 
feet outside of the traveled way is recolDlllended. 
Widened lanes are only effective when striped as 12-
foot travel lanes. Consideration should be given to 
the placement of rumble strips on the shoulder portion 
of the widened lane. 

6. DESIGN 

a. General 

(1) Backqroµpd. The structural design of shoulders 
has received less attention than the mainline 
pavement. Shoulder design has developed gradually 
through experience rather than from a rational 
pavement design approach. There are currently no 
nationally recognized procedures for designing 
shoulders. When designing a shoulder, the 
following should be considered: 

(a) consider whether the shoulder will be used as 
a temporary or permanent traffic lane in the 
future. 

(b) Integrate shoulder drainage with the overall 
pavement subdrainage design •. 

(c) Avoid the use of aggregate base courses 
having more than 6 percent minus 200 mesh 
sieve materials to prevent frost heaving, 
pumping, clogging of the shoulder drainage 
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system, and base instability. 

(d) Have a definite program of shoulder 
maintenance. 

(e) Take advantage of the desirable performance 
of concrete shoulders adjacent to concrete 
mainline pavements. 

(2) Width and Cross Slope. Documents containing 
applicable geometric criteria are listed in 
Federal-Aid Highway Program Manual 6-2-1-1, 
"Design Standards for Highways." The shoulder 
cross slope should be at least l percent more than 
the mainline pavement cross slope on tangent 
sections to facilitate drainage but should not be 
so steep as to preclude the use of the shoulder as 
a temporary travel lane during future 
construction. Asphalt and concrete shoulders 
should be sloped from 2 to 6 percent, gravel or 
crushed rock from 4 to 6 percent and turf about a 
percent. However, care must be exercised so that 
the algebraic difference in cross slope at the 
pavement edge does not exceed o.os in order to 
avoid a hazardous roll-over effect. 

(3) Pavement Markings and Shoulder Texture Treatments 

(a) Distinguishing paved shoulders from the 
mainline pavement is recommended to 
discourage the use of the shoulder as a 
travel lane and provide guidance and warning 
to drivers. This can be accomplished by 
pavement markings and differences in shoulder 
surface -texture. 

(b) Shoulder texture treatments that provide an 
audible/vibrational warning to errant drivers 
have proven effective in keeping traffic off 
the shoulder and reducing accidents on long 
tangent or monotonous highway sections with a 
history of run-off-the-road accidents. 
Attachment 1 (Figures 1 through 3) describes 
treatments used by States on bituminous and 
concrete shoulders. 

(4) Drainage. The presence of free water beneath the 
pavement and/or shoulder is detrimental to 
performance. Grooved shoulder texture treatments, 
such as discussed in paragraph 6a(3) (b), can 
affect surface drainage. It is recommended that 
these treatments be offset from the longitudinal 
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lane/shoulder joint to facilitate joint sealing 
and minimize surface water infiltration. An 
analysis to provide adequate surf ace and 
subsurface drainage should be conducted on each 
project. 

b. Concrete Shoulders 

(1) General 

(a) Concrete shoulders should be tied to the 
mainline with properly spaced and sized 
tiebars. Tied concrete shoulders will reduce 
pavement stresses and edge deflections. Tied 
concrete shoulders will also result in a 
tighter, easier to seal longitudinal joint 
that, when properly maintained, will 
effectively reduce water infiltration into 
the pavement structure. 

(b) Retrofitting tied concrete shoulders or lane 
widening will reduce edge stresses and 
deflections. The age, condition and 
remaining service life of the existing 
pavement play a significant role in 
determining whether a retrofit is practical. 
It is recommended that a retrofit be added 
only when an engineering and economic 
analysis indicates it to be a cost-effective 
solution. 

(2) Thickness 

(a) Shoulders should be structurally capable of 
withstanding wheel loadings from encroaching 
truck traffic. On urban freeways or 
expressways, the shoulders should be 
constructed to the same structural section as 
the mainline pavement to ensure adequate load 
capacity at the interface between the 
mainline and shoulder: to provide for ease 
and economy of construction; and to prevent a 
"bathtub" condition under the pavement. This 
will also allow the shoulder to be used as a· 
temporary detour lane during rehabilitation 
or reconstruction. 

(b) As an option for other than urban freeways 
and expressways, a tapered shoulder may be 
considered. Adjacent to the mainline, the 
shoulder should be the same thickness as the 
mainline to permit mid-depth tiebar placement , 
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and to provide structural support for truck 
wheel encroachments. The shoulder may then 
be tapered to no less than 6 inches at the 
outside edge. care must be exercised with a 
tapered section since a "bathtub" type 
condition can result, ponding water in the 
area of the lane/shoulder interface. 

(3) Subbase. It is recommended that the same type of 
subbase be used under the shoulder as under the 
mainline, especially on high volume facilities. 
care must be taken in designing the subbase cross 
slope under concrete shoulders to avoid pocketing 
of water under the lane/shoulder joint and at the 
shoulder edge. Problems are often encountered at 
this location due to changes in subbase type, 
resulting in non-uniform support or difference in 
drainage characteristics. 

(4) Transverse Joint 

(a) Mainline pavement joints should be extended 
across the shoulder. All transverse shoulder 
joints should be sawed to a depth of 1/3 the 
slab thickness. 

(b) Where plain jointed concrete shoulders are 
used adjacent to continuously reinforced 
mainline pavement, the shoulder joints should 
be sawed at 15-foot intervals. Plain 
concrete shoulders should not be constructed 
integrally with continuously reinforced 
concrete pavement. Transverse saw cuts in 
the integrally constructed shoulders will 
propagate cracks across the mainline. 

(c) Where plain jointed concrete shoulders 
are used adjacent to jointed reinforced 
mainline pavement with skewed joints, 
intermediate joints should not be sawed 
in the shoulder. Skewed intermediate 
shoulder joints tend to propagate 2 
parallel transverse cracks across the 
mainline pavement. 

(d) Where plain jointed concrete shoulders 
are used adjacent to jointed reinforced 
mainline pavement with perpendicular 
joints, intermediate shoulder joints are 
optional. However, intermediate joints 
should not be sawed if the shoulder is 
constructed integrally with the mainline 
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(5} 

(6) 

(7) 

(8) 

pavement. Intermediate transverse saw 
cuts in integrally constructed shoulders 
will propagate cracks aeross the 
mainline. 

LQngitudinal Joint. Combined lane and shoulder or 
lane widening widths of 15 feet for the right 
(outside) lane and 16 feet for the left (inside) 
lane have generally performed satisfactorily. For 
widths greater than these, a longitudinal joint 
should be sawed and sealed. 

Keyway. Keyways are not recommended for use, and 
should never be used for pavements less than 10 
inches thick. If used for pavements 10 inches or 
greater in thickness,. keyways should be placed at 
mid-slab depth to ensure maximum strength. Proper 
concrete consolidation, both above and below the 
keyway, is essential. 

Tiebars 

(a) Tiebars are needed between the mainline 
pavement and concrete shoulders to keep the 
longitudinal joint tight so as to provide the 
necessary load transfer. Tiebars are 
typically placed on 30-inch centers at mid­
slab depth. If tiebars are to be bent and 
later straightened during construction, Grade 
40 steel is recommended, as it better 
tolerates the bending. When using Grade 40 
steel, 5/8-inch by 30-inch tiebars should be 
used. When using Grade 60 steel, 5/8-inch by 
40-inch or 1/2-inch by 32-inch tiebars should 
be used. These lengths are necessary to 
develop the allowable working strength of the 
tiebar. 

(b) Tiebars should not be placed within 15 
inches of transverse joints. When using 
tiebars longer than 32 inches with skewed 
joints, tiebars should not be placed 
within 18 inches of the transverse 
joints. 

(c) The structural adequacy of tiebars can be 
reduced through corrosion. Corrosion 
resistant tiebars are recommended. 

Reinforcement. 
are plain with 
performed well 
plain jointed, 

The majority of concrete shoulders 
short joint spacing. They have 
when placed adjacent to either 
reinforced jointed, or continuously 
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reinforced concrete mainline pavements. The plain 
jointed design is therefore recommended. In cases 
where jointed reinforced or continuously 
reinforced shoulders are placed integrally with 
the same type of mainline pavement, the steel in 
the shoulder is normally placed at the same 
percentage as required for the mainline pavement. 

(9) I,ane Widening. A 2- to 3-foot integral widening 
of the mainline slab will reduce edge strains and 
deflections. To be effective, the travel lane 
should be striped at 12 feet with the edge of the 
slab being moved into the shoulder and away from 
traffic load applications. The remaining portion 
of the shoulder may also be paved. 

c. Flexible Shoulders 

(1) Types 

(a) Bituminous surface treated shoulders consist 
of an aggregate shoulder on which coats of 
liquid bituminous material and aggregate 
chips have been applied and rolled. Regional 
terminology such as armor coat, double or 
triple surface treatment, or seal coat all 
apply. 

(b) Bituminous aggregate shoulders consist of a 
bituminous mat on top of an aggregate base 
course of variable depth that may or may not 
contain a stabilizing agent. 

(c) Full-depth asphalt shoulders consist of 
asphalt mixtures for all courses laid 
directly on the prepared subgrade. 

(d) Widened lanes consist of a 2- to 3-foot 
widening of the mainline structural section 
with the remaining width of shoulder composed 
of a bituminous surface treatment, bituminous 
aggregate section, aggregate or turf. For 
the widening to be effective, the widened 
lane should be striped as a 12-f oot travel 
lane. Arch
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(2} Thic1tness 

(a) Shoulders should be structurally capable of 
withstanding wheel loadings from encroaching 
truck traffic. On urban freeways or 
expressways, the shoulders should be 
constructed to the same structural section as 
the mainline pavement to ensure adequate load 
capacity at the interface between the 
mainline and shoulder; to provide for ease 
and economy of construction; and to prevent a 
"bathtub" condition under the pavement. This 
will also allow the shoulder to be used as a 
temporary detour lane during rehabilitation 
or reconstruction. 

(b) For other than urban freeways and 
expressways, a structural section less than 
that of the mainline may be warranted. It is 
recommended that the thickness be based on an 
evaluation of life cycle costs and past 
performance under similar conditions. The 
use of widened lanes should be considered in 
the life-cycle cost analysis. 

7. CQMMON DISTBESSES 

a. Most shoulder deterioration is attributable to one or 
more of the following causes: truck encroachments, 
water intrusion at the longitudinal joint, use of lower 
quality materials, and inadequate thickness. 

b. Field observations have shown that shoulder distress is 
primarily concentrated within 24 inches of the 
longitudinal mainline/shoulder joint. 

c. The longitudinal joint between a concrete mainline 
pavement and a flexible shoulder is a primary source 
for infiltration of surface water into the subbase. 
The longitudinal joint has proven to be one of the 
weakest parts of the mainline/shoulder system ... 
Distress in the form of excessive cracking, breakage, 
and settlement is concentrated at this location. 
Separations generally range from 1/8 to as much as 2 
inches. The infiltration of water can be minimized by 
a properly sealed and maintained joint. Some highway 
agencies add a "wedge" (6 to 19 inches wide) of hot­
mixed bituminous material in the low areas where the 
flexible shoulder has settled. Tied concrete shoulders 
in lieu of flexible shoulders will minimize the problem 
associated with a longitudinal joint. 
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a. SUMMARY. Shoulders are an important element in the 
performance and overall service provided by highway 
pavements. Proper attention to the selection, design, 
construction an·i maintenance of shoulders is an important 
part of pavement management and can result in improved 
performance and service cost-effectiveness. 

9. REFERENCES. Attachment 2 lists reference documents that 
should prove useful in the area of design, construction and 
rehabilitation of paved shoulders. 

10. FIGURES. · Attachment l contains J figures which describe 
shoulder surface treatments used by States on bituminous and 
concrete shoulders. 

Attachments 

Thomas o. Willett 
Acting Associate Administrator for 

Engineering and Program Development 
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ATTACHMENT 1 

Typical Shoulder Treatments 

Bituminous Shoulders 

i A ,,.. ..,I 

8 

t 

Fiqure 1. Indented Strip - A continuous stretch of indentations 
is impressed in the shoulder through the use of a steel 
roller. In a method developed by Californ~a, steel 
bars are welded to a vibratory roller to impress 
indentations. Georgia specifies that a nominal 1 and 
1/2 inch diameter pipe be welded to the roller drum to 

State 

NC 

SC 

.form the indentations. Typically the indentations are 
spaced 8 inches apart (A) and 3/4 inch to 1 inch deep 
(B). Most States offset this treatment 6 to 12 inches 
from the edge of the mainline pavement and the typical 
treatment width is 3 feet. 

Stone Aggregate Gradations (Percent Passing by Weight} 

Annl 1 3/4 11 . 1/2" 3/8 11 #4 #8 #16 #100 #200 #/SY 

1st 90-100 20-55 0-10 0-5 --- --- --- -- - 0-1.5 45-50 
2nd 100 90-100 20-55 0-15 0-5 --- --- --- 0-1.5 35-40 
3rd --- 100 98-100 75-100 20-95 0-15 --- --- 0.1. 5 17-2t! 
1st 100 90-100 --- 0-20 0-5 --- --- --- --- 28-32 
2nd --- 100 95-100 80-100 20-50 --- 0-6 0-2 --- 18-22 

Fiqure 2. Bituminous surface Treatment - The effectiveness of a 
textured shoulder is largely dependent upon the 
gradation of aggregate used. Treatments containing 3/4 
inch to 1 inch stone h~ve been observed to be very 
effective as an alerting texture. 
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ATTACHMENT 1 

Figure 3. 

Concrete Shoulders 

c 
I ... .. I i 

-- 8 

T 

D 

, .... E 

Corrugations or rumble strips - The top configuration is the one 
most comm.only used. Most States build this type of section 3 to 6 
feet wide (C); 3 to 4 and 1/2 inches between corrugations (A); and 
l inch deep (B). Corrugations generally extend the full width of 
the shoulder and are placed at 40 to 100 foot intervals. One 
variation of this treatment is to offset the section 1/2 to 4 feet 
from the edge of mainline pavement. The corrugations may also be 
placed in the middle 1/3 of the shoulder. if desired, to 
accommodate traffic during future rehabilitation or maintenance 
work or to accommodate bicyclists. 

The bottom configuration is generally built 4 feet wide (D); 6 to 
12 inches between corrugations (E); and 3/4 to 1 inch deep (G). · 
Corrugations are generally offset 1/2 to 2 feet from the edge of 
the mainline pavement and are placed at 40 to 90 foot intervals. 
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ATTACHMENT 2 
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0 
us. Oeponn ient 
ct Tra'lSPO' IOfiOl 1 

Fedei-at Highway 
Admlnl1haU011 

Concrete P-!'Vement Restoration and Crack 
and Seat Rehabilitation Performance 
Evaluation Reports 

Associate Administrator for 
Engineering and Program Development 

Memorandum 

Washington. O.C. 20590 

Date MAY 2 2 1927 

Reply to 
Attn 01 HHO-13 

To. Regional Federal Highway Administrators 
Regions 1-10 

In a previous memorandum dated March 25, 1986, we noted the growing concerns 
that certain concrete pavement rehabilitation strategies and individual 
techniques were performing below expected levels or were not appropriate for 
actual project conditions. A plan was developed by Demonstration Projects 
Division and the Pavement Branch to conduct detailed reviews of completed 
Concrete Pavement Restoration (CPR) and Crack and Seat (C&S) rehabilitation 
projects during the remainder of the year. These reviews have been completed 
and the subject reports are being disseminated to provide interim technical 
guidance. 

The Univers1ty of Illinois under a FHWA research contract entitled 
"Determination of Rehab.ilitation Methods for Rigid Pavements 11 is undertaking a 
more extensive data collection and analysis effort which will provide further 
information on these strategies. Our CPR and C&S reviews have been coordinated 
with this research contract to minimize duplication of effort. Much of the 
initial project description data they had collected was utilized to select 
projects for our reviews. Conversely, detailed plan data that was gathered 
during our reviews is being shared with the university. The research report is 
expected to be availaDle by.the end of the year. 

The report on CPR included an in-depth review of 26 projects in eight States. 
The review found that proper preliminary engineering and timing of the 
individual techniques are critical to project performance. When properly 
designed and constructed it was found that CPR will generally reduce pavement 
deterioration thereby, prolonging pavement life. However, continued 
maintenance throughout the project design life will be required. In addition, 
it was noted that pavements having an accelerated rate of slab cracking will 
continue to have a high rate of slab deterioration inmediately after completion 
of the CPR project. The techniques which were reviewed included full depth 
patching, partial depth patching, diamond grinding, joint resealing, and slab 
stabilization (subsealing). In brief, it was found that: dowelled jointed 
full depth concrete patches provided satisfactory long-term performance (up to 
8 years observed); partial depth patches limited to the top third of the slab 
and containing a compressible material in all working joints and cracks are 
exhibiting good performance after 6 years; diamond grinding can provide long­
term improvement in ride quality, however, further evaluation on whether there 
is a long-term improvement in pavement friction is required; transverse joint 
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resealing using silicone provided good performance, whereas, hot-poured 
sealants e)(f>ef'ienced significant adhesion failures generally within 2 years; 
hot-poured-sealants, on the other hand, appear to be the most effective 
material to use in the longitudinal asphalt shoulder joint; the benefits of 
subsealing were not readily observed, although it did not appear to adversely 
affect pavement performance. 

As in any other rehabilitation strategy, adequacy of design, quality and 
timeliness of construction, and continued maintenance determine the 
effectiveness of the CPR strategy. Close adherence to the technical guidance 
contained in the "Pavement Rehabilitation Manual", the •Techniques for Pavement 
Rehabilitation" course notebook, and the "1985 AASHTO-AGC-ARTBA Joint 
Corrrnittee's Guide Procedures for Concrete Pavement 4R Operations", generally 
resulted in good performance of the individual techniques within a CPR project. 
In cases where the pavement is suitable for rehabilitation and proper 
procedures are used, up to 10 years of service life can be achieved using CPR 
techniques. 

The report on C&S included an in-depth review of 22 projects in eight States. 
The projects reviewed were the classic C&S type {ie., small hairline cracks, no 
rupturing of the reinforcement, etc.) and did not include "rubblizing 11 or 
pulverizing the pavement. Both positive and negative aspects of C&S were 
discovered during the review. The most positive aspect is the delay of 
reflective cracking. A majority of the projects reviewed showed a reduction in 
reflective cracking during the first few years after construction. However, 
most of the C&S sections exhibited the same amount of reflective cracking as 
the control sections after approximately 4 to 5 years. Two projects that have 
shown significant reduction in reflective cracking had the following 
similiarities: non-reinforced pavement; small changes in seasonal temperatures; 
and a strong base (cement treated). The primary negative aspect of C&S is the 
reduction in structural capacity of the pavement. To compensate for this, more 
overlay thickness is required, thu· :ncreasing the cost. When thick overlays 
(5 to 8 inches) are proposed by St~:~ highway agencies, very little structural 
value is given to the cracked pavement. These findings suggest that this 
rehabilitation strategy should be approached with caution. The costs for 
additional overlay thickness, the cracking and seating, and other required work 
such as shoulder and guardrail raising, must be evaluated when determining the 
most cost effective rehabilitation strategy to employ. 

In developing a rehabilitation project, the process for preliminary engineering 
and economic analysis outlined in Administrator Barnhart•s November 15, 1983 
memorandum should be followed. In addition, States need to continually monitor 
and evaluate their previous experience with various rehabilitation strategies 
to determine the expected service life of these strategies in their State. 
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A sufficient number of copies of each report are enclosed for distribution to 
the Division Offices and State highway agencies in your Regions. Additional 
copies or technical assistance can be obtained by contacting Mr. John P. Hallin 
at FTS 366-1323. 
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I. INTRODUCTION 

Federal Highway Administrator R.A. Barnhart 1 s November 15, 1983, memorandum on 

pavement rehabilitation design identified the lack of good performance data as 

the weakest point in the rehabilitation process. Reliable performance data is 

a key element in evaluating alternate rehabilitation strategies and making 

network and project level engineering analyses. 

Concerns had been expressed that the performance of certain rehabilitation 

strategies and ind1vidual techniques were below expected levels, or in some 

cases, strategies selected for specific project conditions may not have been 

the appropriate solution. One of the pavement rehabilitation strategies for 

portland cement concrete (PCC) pavements that has caused such concerns is 

concrete pavement restoration (CPR). Individual techniques within a CPR 

project include slab stabilization (subsealing), full depth patching, partial 

depth patching, load transfer restoration, subdrainage, shoulder restoration, 

diamond grinding, and joint resealing. 

In order to assess the effectiveness of the CPR strategies being undertaken by 

State highway agencies, the Federal Highway Administration (FHWA) conducted a 

review of selected CPR projects. The review focused on three aspects of CPR 

completed on jointed plain and jointed reinforced concrete pavements: 

1. Expected service life based on observed performance. 

2. Variables that significantly affect the performance of individual CPR 

techniques. 

3. Conditions under which each strategy has been used in a cost-effective 

manner. 
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Field reviews were conducted jointly by the FHWA's Pavement Division and 

Demonstration Projects Division between May and October 1986. Teams composed 

of an engineer from each division conducted in-depth reviews of 26 CPR projects 

in eight States. These teams were assisted by engineers from the ·appropriate 

FHWA regional and division offices and State engineers familiar with the 

design, construction, and maintenance of each project. The States also 

provided historical and inventory data for each project. 

This review was closely coordinated with an ongoing research contract entitled 
11 Determinat~0n of Rehabilitation Methods for Rigid Pavements." The research 

project will gather data on a large number of the variables that affect the 

performance of individual techniques as well as data on the success or failure 

of the overall strategy from approximately 150 projects in more than 20 States. 

Standard statistical analysis procedures will then be applied to develop 

conclusions. The Strategic Highway Research Program (SHRP) is expected to 

provide additional information regarding pavement rehabilitation strategies. 

This CPR review provides interim technical guidance until the research project 

is completed. The findings represent the consensus of the FHWA engineers 

conducting the reviews based on their experience, data gathered, field 

observations, and discussions with field practitioners. Arch
ive
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II. SlJllMARY 

Twenty-six completed CPR projects in eight States were reviewed. The review 

found that proper preliminary engineering and timing of the individual 

techniques are critical to project performance. When properly designed and 

constructed it was found that CPR will generally reduce pavement deterioration 

thereby, prolonging pavement life. 

The age of the completed CPR projects ranged between 1 and 14 years. The 

findings presented in this report are based on project data, discussions with 

State personnel, field inspections of each project, and engineering judgement 

and experience of the FHWA team conducting the review. It is hoped that these 

results can be used to assist highway engineers in determining whether CPR 

techniques would be an effective rehabilitation strategy for particular highway 

projects. The report also provides information on the practices used by State 

highway agencies where good performance of CPR techniques was observed. 

The number of individual CPR ~echniques undertaken on any specific project 

varied for project to project and State to State. Like any other pavement 

rehabilitation strategy the overall effectiveness of CPR techniques is highly 

dependent on adequacy of design, quality of construction, and maintenance 

practices. 

The individual CPR techniques covered by this report include subsealing, full 

depth patching, partial depth patching, grinding, and joint resealing. Very 

few of the projects reviewed included pressure relief joints, subdrains 

retrofit load transfer devices, and shoulder restoration techniques. 
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Therefore, detailed corrments on these techniques are not provided. It was also 

concluded that proper evaluation of subdrainage is not possible without 

performing in-depth testing. A separate project has been initiated to evaluate 

subsurface drainage on a variety of in-service installations. 

Based on our field observations and discussions with State engineers, an 

effective CPR strategy will generally reduce the rate of pavement deterioration 

and properly designed and constructed CPR· techniques can be expected to provide 

6 to 10 years of service life. However, continued maintenance throughout the 

project design life will be required. On most projects, a·followup maintenance 

effort was needed within 1 year of project completion. 

The available preliminary engineering data developed for each CPR project was 

reviewed. On many projects, very little detailed information concerning the 

cause and extent of distress had been assembled. Some projects experienced 

large overruns in quantities and at least one project was terminated due to 

cost overruns before all CPR work could be completed. The lack of timely 

detailed condition data likely contributed to the major overruns. 

Based on review of these 26 projects, we believe that pavements having an 

accelerated rate of slab cracking prior to rehabilitation will continue to 

have a high rate of slab deterioration il'llTlediately after completion of a CPR 

project. Furthermore, the percent of pavement in the right lane requiring full 

depth replacement of cracked slabs appears to be a good indicator of a 

project's suitability for CPR. The following criteria is based on our field 

observations of the 26 projects: 
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a. When 5 percent or more of the right lane required full depth 

replacement, the project was probably not a suitable CPR candidate. 

b. When 2 percent or less of the right lane required full depth 

replacement, and other forms of pavement distress were within 

reasonable limits, the project was a suitable CPR candidate. 

c. Projects requiring between 2 and 5 percent full depth replacement of 

the right lane were marginal CPR candidates. In these cases, we 

reconmend that pavement deterioration be more closely monitored and 

evaluated. This will assist in determining whether to undertake CPR. 

Of the 19 CPR projects incorporating full depth patching, 14 had a minimum 

patching dimension of one lane width in the transverse direction. Based on our 

field observations of the patches, we believe a minimum length of patch in the 

longitudinal direction should be 6 feet to prevent longitudinal cracking. Full 

depth concrete patches with dowelled joints provided satisfactory long-term 

performance. However, patches using the inverted tee method or those with 

aggregate int~rlock did not provide satisfactory performance. High cement 

factors (7 bags or more), Type· III cement, and up to 2 percent calcium chloride 

(by weight of cement) were used to accelerate the concrete mix strength in the 

full depth patching projects. These projects were opened to traffic in as 

little as 4 hours and were performing satisfactorily after 8 years. 

Partial depth patching was performed on 13 CPR projects. On eight of these 

projects, less than 5 percent of the total number of patches had failed. Field 

reviews of the patches and discussions with State engineers showed that a 

compressible material must be placed in all .working joints and cracks within 

and adjacent to the patch to obtain satisfactory performance. Our field 
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observations also confirmed that partial depth patches should be limited to the 

top one-third of the slab and should not extend to a depth that allows the 

dowel bars to bear directly on the patching material. Satisfactory long-term 

performance (up to 6 years observed) was achieved with standard and high-early 

strength PCC mixes. 

Grinding was performed on 13 CPR projects to improve poor ride quality due to 

faulting. A ride or profile equal to or better than that for a new concrete 

pavement was achieved. It appears that specifications for a grinding project 

could reasonably include profile requirements at least as stringent as those 

for new PCC pavements. Grinding does not appear to have a significant positive 

long-term affect on pavement friction. On the four projects where friction 

data was available, the friction numbers returned to pregrinding levels within 

2 years. Several other States reported similar trends. 

Seventeen CPR projects included joint resealing. Hot-poured transverse joint 

sealants were used on seven projects. Those sealants experienced adhesion 

failure, generally occurring within 2 years after construction. Silicone 

sealants provided considerably better performance. However, minor adhesion 

failures were noted in approximately 25 percent of the joints inspected. 

Discussions with field personnel indicated these failures may be due to 

improper cleaning of the joints prior to resealing. 
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The benefits of subsealing could not be readily determined. Field reviews on 

eight projects in four States showed there was no apparent visual differenc~ in 

pavement performance between States that had subsealed as part of CPR versus 

those that did not. Where reco11111ended procedures were followed subsealing·did 

not appear to have any adverse effects on pavement performance. 
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II I. DISCUSSION 

PROJECTS SELECTED 

Twenty six CPR projects were reviewed in eight States. The projects reviewed 

and techniques evaluated are 1 isted in Ta.ble l. Pertinent information on each 

of the pavements rehabilitated is sumnarized in Table 2r 

All of the projects evaluated were jointed concrete pavements. Thirteen of the 

projects were plain concrete pavements with undowelled joints. The rem~ining 

13 projects were reinforced concrete pavements with dowelled joints. The 

average age of the pavements at the time of rehabilitation was 18 years, with a 

range of 10 to 38 years. 

Very little traffic loading data was available for most of the projects. 

However, an attempt was made to classify the cur~ent truck loadings on the 

projects into four groups. The groups are based on daily volume of 115-axle or 

greater" trucks. This grouping was selected because these trucks generally 

provide 85 percent or more of the 18-kip equivalent single axle. loadings on 

rural highways. The following groups were selected. 

Loading Class 

1 

2 

3 

4 
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Daily 5 Axle or Greater 
Truck Volume 

>1500 

1001-1500 

501-1000 

<501 
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A plot of pavement age at rehabilitation versus traffic load class is shown in 

Figure 1. As can be seen, there was no relationship for the projects covered 

by this review. 
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III.8. PERFORMANCE 

For each major rehabilitation project reviewed, a suojective evaluation of the 

performance was made. All projects were expected to provide 6 to 10 years 

service life. Therefore, if the project required early rehabilitation or major 

maintenance it was considered to have been a poor overall candidate for 

rehabilitation. 

In addition, the performance of the individual techniques was evaluated. These 

techniques included full depth patching, partial depth patching, grinding, 

joint resealing, and subsealing. Very few projects reviewed included pressure 

relief joints, subdrains, retrofit load transfer devices, and shoulder 

restoration techniques. Therefore, detailed comments on these techniques are 

not provided. It was also concluded that it is not possible to evaluate 

subsurface drainage without perfQr~ing in-depth testing. A separate project 

has been initiated to evaluate subsurface drainage on a variety of in-service 

installations. A detailed discussion of the CPR techniques follows. 

OVERALL CPR STRATEGY 

On many of the projects reviewed there was very little information available 

detailing the condition of the pavement prior to the rehabilitation project. 

This lack of data made it difficult to make before and after evaluations of the 

effectiveness of the CPR techniques. The absence of information on the rate of 

pavement deterioration prior to CPR made it difficult to determine how much CPR 

slowed the rate of deterioration. 
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In addition to the lack of detailed information on the extent and causes of 

distress, on most projects the pavement condition was not formally checked 

during the latter stages of project development. As a result several projects 

experienced overruns, for full and partial depth patching quantities, exceeding 

500 percent. On one project, the quantity of partial depth patching increased 

from 11,511 square feet to 89,893 square feet for an overrun of $470,292. At 

least one project was terminated before all CPR work was completed because 

overruns in quantities exceeded available funds. These findings emphasize the 

need for detailed condition monitoring throughout the preliminary engineering 

phase of candidate CPR projects. 

Four of the 26 projects reviewed were probably, in retrospect, poor candidates 

for CPR. This judgement was based on the condition of the pavements 5 years or 

less after rehabilitation. Three of these projects were in need of major 

maintenance or complete reconstruction. The other project is showing 

significant distress less than 2 years after rehabilitation. The principal 

distress on these projects was the structural failure of the slabs. At the 

time th.ese projects were rehabilitated, approximately 4.7 to 16.3 percent of 

the pavement in the right lane was replaced by full depth patching. Generally, 

additional patching was required, but contract overruns were limited by fiscal 

constraints. In most cases, full depth patches were constructed to replace 

slabs that were breaking up. 

Of the remaining 22 projects reviewed, 3 had a significant amount of full depth 

patching to correct jo.int distress. In general the slabs were in good 

structural condition other than at the joints. The remaining 19 projects were 

considered proper candidates for CPR and exhibited satisfactory performance for 
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up to 8 years. The maximum quantity of full depth patching on these 

19 projects amounted to 2.6 percent of the right lane surface area. 

The following were findings on the use and. performance of CPR: 

1. An effective CPR strategy will generally reduce the rate of pavement 

deterioration. Properly designed and constructed CPR techniques can be 

expected to provide 6-10 years of service life, however, continued 

maintenance throughout the project's design life will be required. 

2. The level of performance of each individual CPR technique was highly 

dependent on the adequacy of design, quality of construction, ana the 

appropriateness of the technique selected to address the cause of distress. 

Even with high quality controls a few early failures of tne repairs 

occurred, and maintenance within 1 year following completion of CPR is 

generally required. 

3. Lack of detailed condition data during project development resulted in major 

overruns. 

4. Pavements which have an accelerated rate of slab cracking prior to 

rehabilitation had a high rate of slab deterioration immediately after 

completion of a CPR project. It was found that the percent of the right 

lane requiring full. depth replacement of cracked slabs appeared to be a good 

indicator of a project's suitability for CPR. The criteria listed below is 

based on field observations of the 26 projects: 

a. When 5 percent or more of the right lane required full depth 

rep_lacement, the project was probably not a suitable CPR candidate. 

b. When 2 percent or less of the right lane required full depth 

replacement, and other forms of distress were within reasonable limits, 

the project was a suitable CPR candidate. 
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c. Projects requiring between 2 and 5 percent full depth replacement of 

the right lane are marginal CPR candidates and require careful 

monitoring to establish the current rate of pavement deterioration. 

FULL DEPTH PATCHING 

Full depth concrete pavement repairs were reviewed on 19 CPR projects in eight 

States. The age of the oldest patches observed were 8 years with an average 

age of 4 years. The projects reviewed are sunmarized in Table J. 

Three methods of providing load transfer at the transverse boundary between the 

patch and the existing concrete were observed. Dowels were used on eight 

projects. Undercutting (inverted tee) was used on four projects. Aggregate 

interlock only was provided for patches on six projects. In addition, on one 

project in Wisconsin all three methods were tried. 

Full depth patches using dowels for load transfer are providing the best 

overall performance. A majority of the patches observed where undercutting was 

used exhibited settlement of the patch and/or faulting at the joint. In many 

cases both sides of the patch would be lower than the adjacent slabs. Patches 

with aggregate interlock have severe faulting, which generally appeared to be 

greater than the faulting on the original pavement. 

Paten cracking was not a major distress, although a number of States permitted 

early opening (4-8 hours) after concrete placement. Typical concrete mix 

designs required 3000 psi compressive strength in 24 hours. Georgia indicated 

patches were opened to truck traffic after 6 hours at concrete compressive 

strengths of 1200-1500 psi with no resulting problems. 
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Table J. Sunnary of full depth patching projects. 
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Of the 19 CPR projects incorporating full depth patching, 14 had a minimum 

patching dimension of one lane width in the transverse direction. The length 

varied from 2 feet to a full slab length. It was noted that many of the 

patches less than 4 feet in length developed longitudinal cracking in the 

middle third of the patch. Most States reviewed specify a minimum patch of a 

full lane width by 6 foot length. Additional research conducted by others 

confirms that patches less than 6 feet in length are prone to crack and those 

less than a full lane width create a weakened plane in the slab. 

The review confirms that full depth concrete repairs can be constructed to 

provide satisfactory long-term performance. The additional expense of the 

dowel bars appears very cost effective in reducing the recurrence of faulting. 

Patching is a major cost item on most CPR projects. Therefore, the rate of 

continued deterioration of the pavement joints and slabs not repaired must be 

given careful consideration' in the economic (life-cycle cost) analysis of 

rehabilitation alternatives. 

The following were findings on full depth patching: 

l. Dowelled jointed full depth concrete patches provide satisfactory long-term 

performance (up to 8 years observed). 

2. Patches should have a minimum dimension of one lane width in the transverse 

direction and 6 feet in the longitudinal direction. 

3. Satisfactory performance was achieved from patches opened to traffic in as 

little as 4 hours: higher cement factors, Type III cement, and up to 
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2 percent calcium chloride (by weight of cement) were used to accelerate the 

strength gain. 

PARTIAL DEPTH PATCHING 

Partial depth patching was performed on 13 CPR projects. Nine of the projects 

were jointed reinforced pavements with dowelled joints. The remaining four 

projects were plain pavements with undowelled joints. On all projects 

reviewed, the partial depth patches were generally used to correct spalling at 

transverse contraction joints. 

No problems were indicated with partial depth saw cuts and concrete removal. 

Georgia noted excellent results with their procedure. They specify a series 

of parallel partial depth saw cuts within ·patch boundaries to facili.tate 

concrete removal with lightweight chipping han111ers (30 lb. maximum size). 

The patching materials included •set 45• on one project in Michigan and high 

aluminum cement on one project in California. The remaining projects were 

patched with PCC using either Type I or Type III cement. Some of the projects 

used up to 2 percent calcium chloride (by weight of cement) as an accelerator. 

The cement content for the PCC patches ranged from 6.5 to 8.5 bags. Air 

contents were between 5.5 and 7 percent. A bonding agent was used on all of 

the PCC patches. The most conwnonly used material was a sand-cement slurry 

applied to either a dry or damp surface. On several projects, epoxy resin was 

applied to a dry surface. 
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The projects reviewed, specifications, and comments on performance are outlined 

in Table 4. The performance of the partial depth patching projects is 

surrmarized as follows: 

Failure Rate 
(Percent of Patches} 

c5 percent 

15 percent 

75 percent 

>90 percent 

Number of Projects 

8 

l 

2 

2 

The only consistent difference between the projects having a low failure rate 

versus those with greater than 5 percent was the use of compressible material 

in the joints. One of the projects with a 75 percent failure rate required a 

compressiole material in the joints, however, the depth of many of the patches 

was reported to be below the depth of the dowel bars. The specifications on 

the project required the compressible material to be placed to the top of the 

dowels. A bond breaker was to be used below the dowels. 

Problems were observed on several projects where partial depth patches extended 

into the dowel bars. It is very difficult·to place the compressible material 

in the joint adjacent to the dowels. Also, the dowel to patch contact may 

result in excessive stresses in the patch and at the interface of the patch and 

existing concrete. These stresses develop during joint movement or during 

curling and warping of the slab. 
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Tabh 4. Su••ary or partial depth patching projects. 

PARTIAL 1£PTH PATDUtG 

Project Depth Saw PCC Prep. Patdl Mat. Bond Sur race Air Joint Rellarks 
Saw Relloval Agent (Dry/Wet) Tmp ror11 

California 

180-K>- l.s• Air H&Mer Sand Hi~ Epoxy ,., Styroroa11 cthan S percent failure 
4-11-.4 blast Aluai,.. or Cardboard 

Cllll8f'lt 

Georgia 

1475, tflO- Depth or Air "-r Sand a bags ~ ~ Hane tt>st or the ortglnal 
1.5 raUure, blast Type III, Saw within partial depth patches 

2" beyond 3000 psi/ 24 hours have been replaced 
spall 24 hour• (>90S failure) 

.... 
~ :... 

~ Carolina 

120, tflO- 2• depth, Air HaMer Sand 
'·' bags 

Epoxy Dry Insert s• Patches looked good, 
6.0 ,. beyond, Min. length blast Type I, 2000 resin deep, ,. 1 failure in a 1/2 

spalls 12• Air psi/llin to beyond e.ach tile S111'>le. 
Min. width open to side patdl ( cSI failure) 
12• trartic 
Max. depth ,. 

Virginia 

181, tf>U7. ,. Air HaMer water l 8.5 bags c..it ~ Blt1.111nous Partial depth patches 
22 to 161.n 1.5 lbs. Max. Air blast Type lll Slurry expansion were perromlng good. 

Min. length Cellent, bOard (<SI rauure) 
12• )00() psi/ 
Min. width 12• 24 hours 
Min. depth J• 
Max. depth 4• Arch
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Project 

Minnlsota 

1-S•, tFJ7 
to tFU 

="' I-'•• tfl&l ... 
~ to tF lOJ 

Wisconsin 

S.T .H. 29 
Olippewa 
Filla to 
lhorp 

u.s.H. 61 
F•lnore to 
Boscobel Rd. 

Depth Sa• 
Saw 

1• 

1• 

2• 

2 1/2• 

PCC 
Aellloval 

Air "'-" 
JO lbs. 118)(. 

Min. depth 1" 
Max. depth ,. 

Air .._r 
30 lbs. 11ax. 

Min. depth t• 
Max. depth s• 

Air .._r 
Min depth 2• 
Max not spec. 

Air Hellner 
Min depth 
2 112· 
Max depth-
Bott0111 or 
slab 

Prep. 

Sand 
blast 
l Air 

Sand 
blast 
l Air 

Bromlng 
6 water 
pressure 

water 
blasting 

PARTIAL C£PTH PATCHING (Con•t) 

Patch Mat. 

8.5 bags 
Type I 
cemnt, 
5600 psi/ 
2• hours, 
s.ss Air 

8.5 bags 
Type I, 
5600 psi/ 
2• hours, 
5.51 Air 

Portln 
Celllent 
COncrete 
Type 1. 

7 bags 
Type IA 

Bond 
Agent 

Equal 
par:t1 
Sand l 
C811ent, 
water to 
produce a 
surr 
slurry 

Equal 
parts 
Cea.nt, 
water 
to 
produce 
stlrr 
slurry 

Acryl 60 

Acryl 60 

surrace 
(Dry/Wet) 

Ory 

Dry 

Ory 

Dry 

Air 
Tellp 

Joint 
fora 

20 .u. 
plastic 

Colllpressible 
•terials 

PrelllOlded 
ruler 
strip or 
sawing 

None-
Tooled 
surface 

Remarks 

Approximately 151 have 
railed, CCIMIOfl distress was 
noted as spalllng at edges. 

c51 showed any distress 
and none observed had 
failed COllflletely. 

Approximately 751 or patches 
have railed. 

Most were loose. 
(>901 have failed) Arch
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PARTIAL oo>TH PATQUtG (COn't) 

Project Depth Saw PCC Prep. Patch Mat. Bond SUrface Air Joint Remarks 
Saw Relloval Agent (Dry/aiiet) T1111> For_11 

MlchllJ!n 

M 47 l )/11,• Air .._r COllpl'es. Set ., Polyure- Approdmataly 21 or tile 
Saginaw Co. 151 Spec. Alr thene F0811 patches have railed. 
NS8 to USlO JOI Actual 

for so. 

South 
Dakota 

.... I-90 MP265- 1• Li"1t Jack Sand 7 bags Dry Joints QI failure :.. 
N M292.22 ~r blast Type Ill toned to 
co top or 

dowels 
only. 

1-29 .., 7 bags Celient Dry See Bottom or patches ware at 
MP 27-66 Type Ill l part above the dowels or below. 

Air 7 ~2 sand (751 failure) 
l part 
Celleflt 
1/2 part 
water 

I-29 tf> l• Air Hallller 7 bags Celleflt See above c51 failure. 
0-15 JOI Max Type Ill Grout 

1-90 ..,, l• Air Hamer SnS 7 bags Dry See above c51 failure. 
.395.S JOI Mu blast Type Ill 
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The following were findings on partial depth patching: 

1. A compressible material must be placed in all working joints and cracks 

within or adjacent to the patch. The compressible material should extend 

1 inch below and 3 inches laterally beyond patch boundaries. 

2. Partial depth patches should be limited to the top one-third of the slab and 

should not extend to a depth that allows the dowel bars to bear directly on 

the patching material. 

3. Standard and high-early strength PCC mixes provided satisfactory long-term 

performance (up to 6 years observed). 

6RINDIN6 

Thirteen projects reviewed included diamond grinding. Eleven of these 

projects were on plain undowelled pavements. The purpose of grinding was to 

improve poor ride quality due to faulting. 

Before and after ride or joint faulting data were limited. Based on the data 

available and c011111ents by personnel familiar with the projects, grinding 

appears to provide a significant long-term improvement in ride quality. 

Continuous grinding of the entire lane achieved uniform ride, friction, and 

appearance. It was noted that grinding in the direction of or against traffic 

flow met ride specifications. Several States prefer to grind in the direction 

of traffic as a safety precaution. 

Pavement texture was another area that was discussed. Three of the six States 

that performed grinding require the contractor to adjust the blade spacing to 

achieve a specified texture. Wisconsin specifies that 95 percent of any 3 foot 
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by 100 foot section being ground must meet the texture (depth and spacing) 

requirements. 

A ride or profile equal to or better than new concrete pavement can be obtained 

through grinding. It appears that specifications for a grinding project could 

reasonably include profile requirements at least as stringent as those for new 

PCC pavements. Data on the projects with grinding are sunmarized in Table s. 

Performance to date indicates 5 to 10 years of service life can be expected 

before faulting ret~rns to the condition existing prior to grinding. However, 

grinding is only appropriate if the project meets criteria for CPR as 

previously outlined. Figures 2 and 3 are plots of the faulting index recorded 

on two Georgia grinding projects. Georgia's faulting index is the sum of 

1/32 inches of faulting over five consecutive joints. Both these projects were 

on pavements in the high loading category. The data indicates that faulting is 

still well below the prerestoration conditi~n 5 years after the grinding was 

completed. 

On the four projects where friction data was available, grinding did not 

provide a long-term increase in pavement friction. On one project in 

California, the pavement had an average SN 40 of 38, 3 years prior to grinding 

as compared to an average of 35, 1 year after grinding. Friction data for a 

project in Georgia is shown in Figure 4. The figure indicates that there is a 

significant increase in friction number inmediately after grinding, however, 

the friction numbers generally returned to their pregr_inding levels within 

aoout 2 years. Several other States reported similar trends. 
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Table 5. Su••ary or grinding projects. 

GRIN>lt«: 

Project Extend friction Ride Specl flcations 
Before Arter Before Arter Pro rue Equipment 

cauromta 

15, Yolo All lanes J years 1 year J years 1 year cauromla None 
.., 2'-27.1 entire before 38 arter 35 before arter Proflleograph 

project PCA-29 PCA-12 15•/•tle 
PSl•2.6 PSld.8 

Georgl a 

:"" 175, ""227 Ck.Iler lane see rtgures see faulting PCA RotqTiess .... 
w to 232 (by Malnt.) index JOO •x., tr .... >JOO must meet 

Ralnhart of 
cP •lle 

1U51 ·K'0-15 All lanes see rtgures see faulting work performed 
ror entire by maintenance 
project by 
State forces 

175, tf>64-72 Ck.ltslde lane PCA cJOO Self pro-
Areas not pelled 
•eting 1118Chlne 
PCA to Peaks 
meet 1/32 hl~r 
Rainhart than 
7-/111. bottOlll 
our. at 
Jts. shall 
not exceed 60 grooves/ft. 
1/6• 
Cross slope 
11•· 1il 12° 60 grooves/ft 

175, tf'22 to 59 Ck.ltside lane • • Ride 
oood 
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....... ".~•i'fU 

Project Extend fdction Ride Speci f1cat1ons 
Before After Before After Profile Equipment 

South Carolina 

1-85, W21-34 All lanes NIA NIA 118" in 10' Machines Average 
using faulting 
Diamond 1116"-l/8" 

with areas of 
114" 

120 tf> 0-6.0 All lanes NIA NIA Mayes Meter .. Diwnond grinding 
cSS Inches saw blade 
per •ile spacing appeared 

to have been wide 
resulting in 
high fines • 

..., 
:,,. 
w 

Virginia 

N 
181, tf>lU-16 All lanes 35 NIA 1/8" ln Power Driver 

lo rt. Self propelled 
Min wt. 
15,000 lbs. 

Min. .., 
200 

Minnesota 

USlO, tf>204-2ll All lanes 3/16" ln 10 1 Grooves between 
parallel to 0.097 and o.128" 
centerline wide, spaced 

0.062" - 0.115" 
apart. 
Depth a 0.31 -
0.115' 

l/8 in 3' at 
right angle to 
centerline 
1116" at joints 

US71,tf>l24-l29 All lanes .. .. .. 

NIA = Not Availab' 
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=-' ..... 
u 

Project 

Wisconsin 

USH 61 
Fenni110re to 
Boscobel 

u.s.H. 151 
ColUllbus-Beaver 
Dam 

1-90,M'U8-l42 

Extend Friction 
Before After 

All lanes 

All lanes 

All llf18S 

GRIN>ltll 

Ride 
Before After 

Specltlcatlons 
Profile Equipment 

118" or 10' or 
O.)• ln 2'' 

Trmisverse 1/8" 
in 3. 

951 of any 
,. l( 100' 
section l/ 16" 
from top to 
bottom 
50 grooves/ft. 
mln. 

" .. 

.. " 
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The following were findings on grinding: 

1. A significant long-term improvement in ride quality can be obtained through 

grinding on CPR projects. Performance to date indicates a service 1 if e o·f 

5 to 10 years can be expected before faulting returns to the pregrind 

condition. 

2. Grinding does not appear to provide a significant long-term increase in 

pavement friction. Available data indicated that skid number values 

returned to their pregrind levels within 2 years. 

3. Ride specifications were met when grinding was performed in either direction 

with respect to the flow of traffic. 

JOINT RESEALING 

Fourteen of the CPR projects included joint resealing. It should be noted that 

the review concentrated primarily on resealing of the transverse joints. As 

~uch, the following observations and subsequent findings are applicable to 

transverse joints unless indicated otherwise. The projects reviewed are 

surrmarized in Table 6. Eleven projects used one type of sealant material 

exclusively -- six used silicone, four used hot-poured sealant, and one used 

neoprene. The remaining three projects used two sealant materials. 

On the projects inspected, the hot-poured joint seals experienced adhesion 

failures, generally within 2 years after construction. Preformed neoprene 

seals appear better suited. to new construction. Because minor joint spalling 

is generally present in rehabilitation projects, the full bearing required for 

preformed seals to remained compressed and in place may not be achieved. 
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Table 6. Suf'!lllary of Joint Resealing Projects. 
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A majority of projects with joints resealed using silicone material are 

providing good performance. However, periodic maintenance is required to 

cut out and repair isolated failures. Where field personnel indicated that 

manufacturer's guidance for installation was not followed explicitly, 

significant failures (up to 75 percent) were observed. Items such as 

refacing the joint to allow for the proper shape of the joint sealant 

m~terial, providing a clean and dry bonding surface, and close inspection 

of the application and tooling of this sealant are critical to performance. 

Several projects inc1uded sea1ing of the longitudinal asp~a-lt shoulder 

joint with hot-poured sealants. This material appears to be effective for 

about 2 years before ma i ntenan.ce is required. 

The following were findings on joint resealing: 

1. Preformed neoprene joint seals are generally not suitable for rehabilitation 

projects because even a small amount of spalling in the existing joint can 

result in failure of the seal. 

2. Hot-poured sealants observed experienced significant adhesion failure, 

generally within 2 years. 

3. Silicone, when properly installed, provided good performance. However, 

in all cases, maintenance was required after 1 to 2 years to correct 

construction deficiencies. 

4. Hot-poured sealants used in the longitudinal asphalt shoulder joint requires 

maintenance on about a 2 year cycle. 
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SLAB STABILIZATION (SUBSEALING) 

Eight projects were reviewed in four States where subsealing had been used as 

a rehabilitation technique. Criteria for subsealing ranged from blanket 

subsealing of all faulted slabs to subsealing only those slabs which exceeded 

a minimum specified deflection under loading. The projects reviewed are 

sunrnarized in Table 7. 

It was difficult to evaluate the effectiveness visually. However, an attempt 

was made to determine if the subsealing had any apparent detrimental affects. 

Slabs were closely observed for cracks which passed through or radiated from 

the subsealing holes. No distress of this type was observed.. One project had 

a high level of slab breakup following a CPR project which included subsealing. 

However, a review of the project records and discussion with project personnel 

indicated that there was a high rate of deterioration occurring prior to the 

CPR project. 

A research project is currently underway to document and evaluate undersealing 

techniques. A product of that project will be a users manual for undersealing. 
> 

The following was the finding on subsea11ng: 

1. Although the benefits of subsealing could not be readily observed, there 

appeared to be no adverse affect to pavement performance when procedures 

outlined in FHWA's •Pavement Rehabilitation Manual•, •Techniques for 

Pavement Rehabilitation• course notebook, or the "1985 AASTHO-AGC-ARTBA 

Joint Conrnittee•s Guide Procedures for Concrete Pavement 4R Operations" 

were followed. 
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Table 7. Summary of Subsealing projects. 

SUBSEN.ltG 
Project OelfecUon Grout Hole Pressure Depth of Min. Air Holes Ltrt Remarks 

Pattern Hole Temp. Plugged 

California 

IS, Volo tble 2.5 J-5 ln none 15 45 f' Wooden lst NO deterioration 
W2J-27.l available parts leave ~- Inches pegs lllOV8• .tlich could be 

Pozzo- slab fled 18lt related to sub-
lan sealing notld. 
1 part 
cement 
Ume 
ettlux 
10-16 

180 see .. • l-l in • 15 45 f' wooden 1st Deflections were 
..., Placer remarks lea11e inches pegs move- taken before and 

:.... W4.0-ll.4 slab lleOt after sli>seallng. 
A When taking 
N deflections the 

difference between 
the deflection or 
loaded sld Lllloaded 
side were measured. 
before 0.007 Inches 
after o.ooa Inches 

15, Shasta load l parts J-" in • 15 lst 
w J.8 to transfer pozzolan leave inches mve-
14 only l part slab Nozzle 11«1t 

cement not to but 
ti• extend not 
efflux below lllOl'll-
11-16 bottDll tored 
spec., of slab in all 
10-11 slabs 
actual, 
comp. 
strength 
spec. 
750 psi/ 
7 days, 
Actual 
14JO psi/ 
1 days Arch
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Sl.BSEALING (Cont.) 

Project Oelf ectlon Grout Hole Pressure Depth or Min. Air Holes urt Remarks 
Pattern Hole Te11p. Plugged 

Georgia 

175, .. Min 0.025• No derlection 
227-2'2 .o.025 tn. so 

s\.OseaUng was 
deleted. 

U75, Min 0.005• l parts 2 holes a• below No 11e• 
tif'0-15 llM- le• rrm bottom or 

stone leave, • sllb 
1 part additional 
celleflt along 
ti.118 outer 
errlux edge 
16-22 
sec 

:-. -t South 
Carolina 

185, .. Tested i.nier 3 parts 1 hole tble Bottom 35 ~ __.. Slabs retested and 
21 to 18 kip Axle ag. on specl- or slab and pegs dial regrout as necessary. 
~ tr movellleflt 11•, approach rled rising Indicates 

visually 1 part side, • "° and .we.ants 
observed type on leave ralllng Max. 1/8• 
it was Ill side 
s\.Osealed cell8rlt, 

water 
content 
to give 
slurry 
appear-
ance or 
thick 
ere• Arch
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SWSEALlt«I (Cont.) 

Project Oelrection Grout ltlle Pressure Depth or Min. Air ltlles Lirt Remarks 
Pattern Hole T~. Plugged 

~ 
Carolina 

120, Min 0.020• 3 parts 2 hole None 8" to lo• 35 Wooden cl/&• Slabs retested and 
K'0-6 ag. on speci- below and pegs any slab wiy with 1110Vement 

lime, approach rted slabs rising raised >0.020 in. was 
l part 4 on llOre regrouted. 
cement leave than 
tile 1/8• 
efflux replaced. 
14-22 
sec 

Virginia 

.... 
~ 181, ..., Not perfonied. 3 parts 7 holes 200 psi Botto. 35 F Wooden 0.125 in. 

t lU to All slabs in Pozzolan per ll8lC. or slab pegs per hole. 
161 re RT Lwie were l part slab Many holes 

sUbsealed. cement pulped to 
tine or lll8X. 

efflux 
10-16 
sec 

Mewi 
compres-
sive Str. 
1 day 
300 psi 

' day 
620 psi 
7 day 
1000 psi . Arch
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YI. COST DATA 

Available cost data for the rehabilitation techniques used on each project are 

listed in Table a. Also shown are the planned and final quantities. The data 

is presented by project to give the reader a feel for the total scope of each 

project. 

7.1.45 

Arch
ive

d



::s::.::as -- .... :2a::!! 

= i 

= § -i 
--;; 

-- --
"ii. 
.,.., .; I . -.... 

! 

aaaa:~a :::::aa::: .. ~= -i ..... -.. ·-~ ... 'I .... . -- ·- .... .. ·-. ·-­·· ·- ·--

-i • 

.! 
i = 
] 
! 
j 

~-· i 
1: 
I -; 
""'1 
.: I .. ! ... . . ; i.: -.. . I .. 

I.: i -.. ·- .. -·-., -~ 
... :'-!. 
.. Ji~ -.. .:;; 
:; a:: 

aaa:aas ::p~ 
S:!!E:f~a~ ;; 
--- -~ii -! ---· --.... . • ..... == 11 ... ~ ~ ......... ___ _ 

~ . --! 

7.1.46 

-.. 

! ... 

-iii 

1 
! 

Arch
ive

d



• e i. 
.... i t 
g 
<J 

co 
cu -.a .., .... 

j .. • 
• i 
I ! 
·1·1 11:! -

• 
~ 
:: 

I 

"": 
I!! : ;; 
:; It 

i ! 
i a !~ - -

......... . . ·=· 
l ·:hh;!;i!::h£4!! • • . •• - ··•· I s•. .. ........ 

'&--
i' .. " ----

.. 
ii - ... 

! ! .. It 

! 

• I 

= It 

! 

I 

.; 
i 
i 
1 j 

1 .. • l. :1 1 111 .. 
I 111 

i i! 
iii ... 

! 
! 
J 
!H! -s 

1.i_! !!!!5!111 -1• !I =· : : !-s ~ 

• 
= 

SSS 

i. === 
' s === 

.. .. 
i ' i i 
i I 

7.1.47 

=·· . .. .:. .,. __ 
--

i. i:i. i:i. i.:i = = 'I.: ... 

:tttti'i't~:!.:ttt 

I 
I! 

i 
I 
I 
i 
;; 

• 
I 
: 
I 
i ... 
i 

• I 

i . 
I 
i 

1 
i 
i 
4 
I 
J: 

;: 
I 

! 
• 
! 

I -i 
.!'i 
1• 
=· .:~ ·-.. -.; 
li 
I! 

Arch
ive

d



Table 8 con't. 

lllH 111111( llllfl 1£11 HC.IU .... Ill 111111111111 C.111 Piii J 
ICllll. PllC( ..... fllll 

llCllllAll 1-n • H - 11 lffl hll ........ , ... . ...... Ill nm BUI ....... lld l111alw, 
,, ........... ltltll ... Ill • ... 

1-41 lllllMI ti. 11.M II llW. .. .. a.ill ... 11 .... 1, 111. "· ...... mt IMll 
Plle.i11 lll•hl "· fl. HUI tJI till 
... u .. ,, ...... t11d1 U1. ft. II.JS '"" IUH ll1IU .. l llf-1111 lllll ,_141, 
llflKl ... Mllllll 111.lt. n.11 .,. 21Ht 
E••· H. lnlw1I.., 111111 111. fl, H.JS .,. 1112 ll11ll .. l llf-leal lllll ...,141, 

a. llMlll Mt • JJ - '2 ttn Parthl ..... Pate• ""' II .,. fl, tu.st u• 561 

="' 
Parlhl ..... lf•ll ... air ... fl, t5.Jt mn lt5SJ6 ... ltltl leall11 l11. fl, 11.11 llHll 111m...,, .. 

~ Mt WI· II IHI flll ........ air .,. , .. ...... Ill ... 111 ... lr••••· 
Partial ..... Pate• n,.. II ••• fl, ...... m m 
Partial ..... Palcua ... fl, "·" UJ'5J IMIH 

''"' leali11 
111. fl, 12.tt Hm 61"11Hlc•• I ... •1 

,, ..... ltlhf ltl1ll ... ....... 111 I .. 

Mt • Stl.I ·HJ ltlS hll hfl• P1ll .. 1 . ,. , .. .. .... ,,. 1511 ..... 14 lld ,, ...... 
Partial ..... Pate• n,.. II • ,. fl, ..... 11511 ltltJ ff,. I fllcll II Mlf t.4-flll •i ... 
ltiat ll•llat llilicMll 111. fl, ..... 11112 Htll II fa•1'tllllllllw JI, 11ali11 11l-., 11 c•lnct. 
,, ..... ltlltf ...... ... .. ..... J2 SJ 

Mt • 261 • JtJ.I ltlJ Partul "''' Pate• ""' Al ••• fl, tUJ 5'116 J2'U fffl I falell ii hlf t.t·llll •I ... 
Partial ..,,. Pate• 11,.. II ., .... I/A 12 Ill lrfl I •atell h U-f•l w 1111 •I•. 
, .... lealiat 111. fl, It.St .... 6ttt lllicMI HalMl, 
Pr111w1 ltlhl l•i•h ta. ms ... '5 tS 

Arch
ive

d



CRACI AND SEAT PERPORMANCE 

Review Report 

Federal Highway Administration 

Demonstration Projects Division 

and 

Pavement Division 

April 1987 

7.2.1 

Arch
ive

d



A. 

B. 

c. 

o. 
E. 

F. 

G. 

TABLE OF CONTENTS 

Executive Summary •••••.• . ................. . 
Background/Introduction. • •••••••• 0 ••••••••• 

Objectives .. .............................. . 

Selection Criteria. . ................... . 
Field survey Results •• . ................... . 
1. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

California. . .......................... . 
Michigan ••• • •••••••••••••••••••• °' •••••• 

Minnesota •• . .......................... . 
Wisconsin •• • ••••••••••••••••••••••• Gil • 

South Dakota. • ••••••• 0 ••••••••••••••••• 

Florida. . .......................... • ... . 
Indiana. . ............................. . 
Tennessee •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Discussion. • •••••• 0 • 0 •••••••••••••••••••••• 

References. . ................................ . 

7.2.2 

1 

2 

3 

4 

5 

5 

10 

12 

16 

19 

21 

22 

25 

26 

37 

Arch
ive

d



A. Executive Summary 

Based on the findings of this review, the use of cracking, 

seating, and overlaying as a pavement rehabilitation alternate 

should be approached with caution. Since both positive and 

negative aspects of cracking and seating CC&S) were identified 

during the review, State agencies contemplating the use of C&S 

should do a thorough project by project analysis to determine if 

it is the most cost effective rehabilitation technique to employ, 

Of the 22 projects reviewed, only four showed appreciably less 

reflective cracking in the C&S sections than in the control 

sections. Observations by the review team, coupled with previous 

State reports, indicate that there generally is a reduction in the 

amount of reflective cracks through the overlay during the first 

few years following construction of a C&S project. However, after 

4 to 5 years the C&S sections exhibited approximately the same 

amount of reflective cracks as the control sections. A 

significant reduction in reflective cracks occurred on two of the 

projects reviewed. These projects are located on I-4 in Florida 

and on SR-99 in California. Both had the following similarities: 

1. Constructed on a strong base Ccement treated), 

2. Small changes in seasonal temperatures, and 

3. Non-reinforced pavement. 

The main concern with C&S is the reduction of the structural 

capacity of the pavement. To coDpensate for the reduction in 
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structural capacity caused by cracking the pavement, more overlay 

thickness is required, thus increasing the cost. In addition, 

study is needed to determine if the delay in reflective cracking 

actually extends the life of the pavement as opposed to 

conventional overlays and if so, is it cost effective. 

B. Background/Introduction 

When portland cement concrete pavement (PCCP> approaches the end 

of its design life, a decision must be made on what action to 

take. The most common rehabilitation technique currently used for 

PCCP is to construct an overlay of asphalt concrete CAC>. In 

time, cracks in the underlying PCCP reflect into the overlay. 

These cracks are primarily caused by stresses that develop at the 

bottom of the new overlay directly over the in-place cracks and 

joints of underlying pavement. These· stresses are a result of 

vertical and horizontal movements of the underlying pavement. 

Vertical movements are differential movements at the joint/crack 

in the underlaying pavement and are caused by moving loads. 

Horizontal movements are due to expansion and contraction caused 

by temperature and/or moisture changes. 

In addition to these changes in the underlying slab, total 

movement at a crack or joint is affected by slab length and the 

stiffness of the underlying material. The horizontal movement of 

cracked slabs under a bonded bituminous surface causes high 

tensile stresses in the immediate area over the crack. Likewise, 
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vertical movement causes high stresses in the overlay. Because an 

AC surface is stiffer at lower temperatures, it loses some of its· 

flexible characteristics and can withstand only small temperature­

induced stresses. 

One method that several States have tried for control of 

reflective cracking in an overlay is to crack the concrete 

pavement slab into small segments before overlaying with AC. The 

intent of pavement cracking and seating is to create pavement 

sections that are small enough to reduce movement to a point where 

thermal stresses will be greatly reduced, yet still be large 

enough to maintain some agqregate interlock between pieces and 

retain a significant percentage of the original structural 

strength of the PCC pavement. Seating of the broken slabs after 

cracking is intended to reestablish support between the subbase 

and the slab where voids may have existed. 

c. Obiectives 

The objectives of this review were to obtain a better 

understanding of the expected performance of C&S and overlaying, 

and to identify the conditions under which this technique has been. 

used in a cost-effective manner. It is hoped that the information 

obtained from the review will aid States in determining when and 

how to use C&S as an effective rehabilitation strategy. 
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D. Selection Criteria 

A total of 22 projects in 8 States were reviewed. All of the 

projects reviewed were of the classic crack and seat method 

(small hairline cracks, no rupturing of the reinforcing, and no 

rubblizing of the pavement). The following factors were 

considered in selecting the projects to be reviewed: 

preferably 3 or more years of service; 

- located on a high volume.facility; 

- historical data accessible; 

- overlay thickness of 6 inches or less; and 

- a control section. 

Using these factors, C&S projects were selected for review in: 

- California 

- Michigan 

- Minnesota 

- South Dakota 

- Wisconsin 

After analyzing the data obtained on projects built in the 

originally selected States, it was decided to extend the review to 

include projects in Florida, Tennessee, and Indiana, as well as 

additional projects in California. 
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E. Field survey Results 

The general condition of each C&S project reviewed is described in 

this section. 

1. California 

a. I-80 Alameda and Contra Costa Counties 

I-80 is an 8-inch undoweled jointed plain concrete 

pavement (JPCP) on a 4-inch cement treated base CCTB) on 8 

inches of select material, The original 6-lane pav'ement 

was opened to traffic in the mid-19SO's. 

In 1982, a rehabilitation project which included C&S with 

an AC overlay and with ed9edrains retrofitted on both the 

C&S and the control sections was constructed. The 

pavement was broken into 3- by 4-foot segments with an air 

operated pile driver and then rolled with a vibratory 

sheepsfoot roller wei9hin9 not less than 12 tons to seat 

the slabs~ The cont~ol sections were overlaid with 3 1/4 

and 5 inches of AC, but not cracked and seated. The C&S 

section was overlaid with 5 inches of AC. This was the 

first C&S project in California, therefore, the bid price 

of $12.50 per square yard was very high. The current 

average daily traffic CADT) is 177,000 with 7.3 percent 

trucks. 

The original pavement was badly cracked and faulted 

<greater than 1/4 inch). Rocking slabs were reported. 
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With the exception of two reflective cracks from known 

rocking slabs, which were intentionally left unseated 

for evaluation purposes, no other reflective cracks were 

observed on the project. After nearly 4 years, both the 

3 1/4-inch and 5-inch control sections and the C&S 

sections are performing about the same. 

b. I-80 Yolo County 

I-80 is a 9-inch undoweled JPCP with a 15-foot joint 

spacing over a 6-inch dense g~aded aggregate base CDGAB) 

over an additional 9-inch aggregate subbase. The original 

dual-lane facility was constructed in 1942 and two 

additional lanes were added in 1964. 

In 1982, the pavement was C&S and overlaid with 4.8 inches 

of AC. A CMI hydraulic stamper was used to crack the 

pavement. The specified crack pattern was a minimum 

2- by 2-foot and a maximum of 4- by 4-foot. A vibratory 

pneumatic tired roller weighing not less than 12 tons was 

used to seat the pavement. The project also included an 

uncracked control section with a 4.8 inch AC overlay. The 

C&S cost was $0.75 per square yard. The current ADT is 

20,400 with 22.8 percent trucks. 

After 4 years, no reflective cracks were observed. The 

C&S section and the control section are performing the 

same. 
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c. SR-99 Kern County south of Bakersfield 

SR-99 is a 9-inch plain jointed, undoweled, PCCP. 

The pavement is 36 feet wide (three lanes> with AC 

shoulders. The "inside" two lanes were constructed in 

1956 on an asphalt treated base CATB>. The "outside" lane 

Clane used for comparison purposes) was constructed in 

1968 on a CTB. The C&S project, completed in June 1983, 

was an experimental project with seven 600-foot test 

sections: 

Section 

A. 

B. 

c. 

D. 

E. 

Description 

Control - 3.6 inch overlay 

no fabric 

Crack and seat, seated with 

vibratory sheepsfoo~ roller, 

3.6 inch overlay 

Control - 3.6 inch overlay 

with fabric 

Crack and seat, seated with 

rubber tired roller, 

3.6 inch overlay 

Crack and seat, seated with a 

vibratory sheepsfoot roller, 

3.6 inch overlay 
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F. 

G. 

Crack, not seated, 

3.6· inch overlay 

Crack and seat, seated with a 

vibratory sheepsfoot roller, 

3.6 inch overlay 

The C&S cost was Sl.60 per square yard. 

Cl) In the control section <Section A; no C&S, no fabric), 

100 percent of the transverse joints had reflected through 

the overlay with low severity cracks. 

C2> In the other control section (Section C; no C&~, with 

fabric), approximately 50 percent of the transverse joints 

had reflected through with low severity cracks. 

<3> sections s, o, E, F, and G all involved C&S and exhibited 

no reflective cracking. 

C4) All of the cracking exhibited (Sections A & C) was in the 

right lane only. All cracks extended no further than the 

lane joint with an intersecting short longitudinal 

reflective crack at the joint, forming a "T." This was 

probably due to the different pavement age and base type. 
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Route 

I-5 

I-580 

I-680 

I-680 

I-680 

(5) Deflection testing indicated generally higher 

deflections after the seating operation than just 

after cracking. A 13-ton roller was used with 10 

passes. 

In summary, after 3 years the C&S sections were exhibiting no 

reflective ~racks and were outperforming both of the control 

sections. 

d. Others 

A number of other C&S projects were reviewed. Because 

there was not a true control section for comparison 

purposes and there was no distress evidenced on either the 

C&S or the normal overlay portions, these projects are 

summarized in one discussion. 

Total C&S 
AD'i' Overlay Cost Per 

County (% Trucks} Built Thickness Sg. Yard 

Shasta 25,600 (23) 6/83 5.4 inches 0.75 

Alemeda 56,000 (16) 3/84 4.2 inches 0.80 

contra Costa 152,000 (4. 9) 11/83 4.8 inches 0.55 

contra Costa 157,000 (4.6) 10/83 3.4 inches 0.85 

Contra Costa 69,000 (6. 7) 11/83 4.2 inches 0.60 
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The projects consisted of 8-inch JPCP on 4-inches of CTB. 

All of these projects used a fabric interlayer between AC 

overlay courses and used the same specifications for C&S 

calling for 4- by 6-foot cracking pattern. These projects 

only called for C&S in the outer lane Cs). 

2. Michigan 

a. US-10 in Clare County 

The original pavement opened to traffic in the mid-1930's 

was a widened edge C9"-7"-9") jointed reinforced concrete 

pavement CJRCP). Joints were undoweled with a 60-foot 

spacing. The original PCCP was overlaid with approximately 

4 inches of AC in 1960. 

The a-mile rehabilitation project, completed in October 1983, 

consisted of milling off the existing bituminous overlay, C&S 

the pavement, and overlaying with approximately 2 1/4 inches 

of AC. The pavement was cracked into 18- by 18-inch pieces 

and seated with a SO-ton vibratory steel wheel roller. The 

type of breaker was not specified. The C&S cost was S0.20 

per square yard. Longitudinal edgedrains were added in 

select locations. A control section was not built. The 
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current ADT is 1410 with an average of about 120 ESAL's/day 

since the rehabilitation. 

Cl) Nearly all transverse joints had reflected through 

the 2 1/4-inch overlay. The reflective cracks are 

primarily medium in severity. In addition, intermediate 

transverse cracks have also reflected. 

C2) Less than 5 percent of the longitudinal lane joint has 

reflected through. 

(3) some minor rutting Cl/4 inch) of the asphalt surface is 

evident. 

(4) The ride quality on this project was very good. 

b. US-23 in Monroe County 

This was an experimental C&~ project of approximately 

1 1/4 miles within an. overall 8-mile long overlay project. US-23 

is a 4-lane freeway section with an original 9-inch JRCP with 99-

foot doweled joint spacing. 

The C&S experimental project, completed in 1983, consisted of 

24-, 36-, and 48-inch cracking patterns plus control sections Cno 

cracking>, and two overlay thicknesses of 440 and 660 pounds per 

7.2.13 

Arch
ive

d



square yard (approximately 4 and 6 inches). A whip hammer was 

used to crack the pavement and a 50-ton rubber- tired roller was 

used to seat the pavement. The C&S cost was $0.19 per square 

yard. The current ADT is 11,350 with a daily loading of about 

3,800 ESAL's per day. 

<l> In all four of the comparisons (three different crack 

patterns and control section) the 660 pounds per square yard 

overlay (6 inches) had less reflective cracking than the 440 

pounds per square yard C4 inches> overlay. 

<2> Generally, the least amount of reflective cracking within the 

C&S sections occurred in the section with the 48-inch crack 

pattern. 

(3) The test section with the least cracking (best condition) was 

the 660 pounds per square yard control section Cno C&S) 

followed closely by the section with 660 pounds per square 

yard and the 48-inch crack pattern. 

(4) The project showed no signs of distress, other than low 

severity reflective cracks. 
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3. Minnesota 

a. T.H. 169, Scott County 

This project is on T.H. 169 from 0.55 miles south of Bel:e 

Plaine's city limits to County Road 66. The original project 

was constructed in 1956 and consisted of a widened 

edge (9"-7"-9") non-reinforced PCCP. The joints were 

undowled with 20-foot spacing. 

The rehabilitation project, completed in 1982, consisted of 

three 1,000-foot sections. One section had a 3-foot crack 

spacing with no crack closer than 5 feet from a joint or 

existin~ transverse crack, one secticin was cracked at 

l 1/2-foot intervals, and the other section was not cracked. 

A spade type breaker was used to crack the pavement. A 

30-ton rubber-tired roller was used to seat the pavement. 

The three sections were overlaid with 5 314 inches of AC. 

The C&S cost was $50 per road station ($0.18 per square 

yard). The current ADT is 10,627. 

The section with 3-foot crack spacing was exhibiting random 

reflective cracks at the joint and minor raveling. The 

section with the 1 l/2-foot crack pattern and the control 

section had low severity reflective cracks. 

b. T.H. 60 and T.H. 169, Blue Earth County 
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This project is on T.H. 60 and T.H. 169 near·the city of 

Mankato. The original project was constructed in 1961 and 

consisted of an a-inch reinforced PCC pavement over 5 to 9 

inches of aggregate base. The pavement was 25 feet wide and 

the joints were doweled with a 40-foot spacing. 

The rehabilitation project, completed in 1982, consisted of 

eight 1,000-foot test sections. Test sections 1, 2, 5, and 

6 were cracked with a spade type breaker. Test section 8 was 

cracked with a roller breaker. All the sections were seated 

with a 30-ton pneuniatic-type roller. Each section was 

overlaid with a 6-1/4 inches of AC. The C&S cost was $55 per 

road station CS0.21 per sq. yd.) The current ADT is 8,454. 

A summary of the test sections follow: 

Test Section Behabilitation 

Section 1 3-foot crack spacing and edgedrains 

section 2 3-f oot crack spacing, no edgedrains 

Section 3 No cracking, no edgedrains 

Section 4 No cracking, edgedrains 

Section 5 1.5-foot crack spacing, edgedrains 

Section 6 3-foot crack spacing, no edgedrains, 

Section 7 Edgedrains, saw cut construction 

Section 8 Edgedrains, cracked with pavement 

roller breaker 
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To date there has been very little difference in the 

performance of the test sections. Each section exhibited 

reflective cracks approximately every 40 feet Cat each 

joint>. 

c. T.H. 71, Kandiyohi County 

This project was the first C&S project in Minnesota and was 

completed in 1976. The original roadway structure was a 

widened edge C9"-7"-9"> non-reinforced concrete pavement 22 

feet wide with a continuous longitudinal centerline joint and 

undoweled transverse joints constructed every 15 feet. The 

surf ace had spalled at some of the joint locations and 

maintenance crews had patched these areas with bituminous 

mixture. 

The rehabilitation called for a 6-inch thick AC overlay with 

the thickness being increased to 7 1/2 inches at some 

locations. The in-place PCC panels were cracked with a 

vehicle-mounted spade type breaker at the mid and quarter 

points thereby reducing the size of the PCCP to pieces about 

3 3/4 by 11 feet. A control section of uncracked in-place 

PCCP with a 7 1/2-inch overlay was constructed to use as a 

comparison to the broken section. The overlay consisted of 

3/4-inch plant-mixed AC wearing course, 1 1/2-inch plant­

mixed AC binder course, and either 3 3/4 or 5 1/4 inches of 
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plant-mixed AC base course depending on the location of the 

overlay. The C&S cost was $70 per road station ($0.26 per 

square yard). The current ADT is 3,974. 

The 1981 final report by the Minnesota Department of 

Transportation(l) states, "the cracking of the in-place PCCP 

did reduce the amount of reflective cracking in comparison to 

similar sections where the PCCP was not cracked." 

However, during our review, there were reflective cracks 

throughout the project. Thus, it appears that C&S did delay 

reflective cracks for the .first 5 years, but after 10 years 

there was little or no difference in the performance of the 

C&S section and the control section. 

4. Wisconsin 

a. I-94, Eau Claire County 

The original pavement, constructed in 1967, consisted of 

9 inches of .reinforced concrete with a 6-inch aggregate base 

and a 12-inch granular subbase. The joints were doweled with 

80-foot spacing. 

The rehabilitation project was completed in 1983. A pile 

drive hammer was used to crack the pavement with a maximun 

pattern of 18 inches. A 50-ton vibratory roller was used to 
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seat the cracked pavement. The C&S cost was S0.30 per square 

yard. The current ADT is 16,000. The project consisted of 

the following: 

Section 

Control 

C&S il 

C&S i2 

C&S 13 

Overlay 
Thickness 

4 inches 

5~ inches 

7 inches 

4 inches 

Performance 

Reflective cracks every 
80 feet, some edgeline cracks 

Random centerline reflective 
cracks 

Very few small reflective 

cracks 

Random edgeline and 
centerline reflective cracks 

The C&S sections with the 5 1/2-inch and the 7-inch overlays were 

performing slightly better than the C&S section with the 4-inch 

overlay and the control section. 

b. USB 14, Dane and Rock Counties 

This was the first C&S project in Wisconsin and was completed 

in 1980. The original 9-inch non-reinforced PCCP pavement on 

a 9-inch aggregate base was constructed in 1952. The joints 

were undowled with 20-foot spacing. 

The rehabilitation project, completed in 1980, was 6 miles in 

length. The pavement was cracked with hydro-hammer type 

breaker into pieces not exceeding l square yard in area. The 
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cracked pavement was then rolled with a 50-ton pneumatic 

roller and overlaid with 4 1/2 inches of AC. The control 

section was not cracked and had a 4 1/2 inch AC overlay. The 

C&S cost was S0.45 per square yard. The current ADT is 

4,000. 

There were reflective cracks throughout the project and there 

was no difference in the performance of the C&S section and 

the control section. 

c. STH 140, Rock County 

The original project, a 9-inch non-reinforced PCCP with a 

9-inch aggregate base, was constructed in 1931. The joints 

were undoweled with 20-foot spacing. 

The C&S project, completed in 1982, required the pavement to 

be broken into.pieces having a maximum dimension of 12 inches 

with a pile drive hammer and seated with a SO-ton vibratory 

roller. The control section and the C&S section were each 

overlaid with 4 inches of AC. The C&S cost was S0.35 per 

square yard. The current ADT is 2,000. 

There were reflective cracks throughout each section with no 

difference noted in the performance. 
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5. south Dakota 

a. US Route 18, Lincoln County 

The original project consisted of mesh reinforced PCCP that 

was a widened edge C9"-6"-9") section, 20 feet wide, with a 

6-inch aggregate base. The joints were undoweled with 20-

foot spacing. The original construction was completed in 

1930. 

This rehabilititation project was completed in 1982. A total 

of 3.89 miles east and west of Canton was C&S and the 2-mile 

section through the town of Canton was just overlaid. A 

spade type breaker was used to crack the pavement at 5 foot 

intervals and a vibratory steel wheeled roller was used to 

seat the cracked pavement. The C&S section was overlaid with 

3 l/2 inches while the non-C&S section had a 2-inch AC 

overlay. The C&S cost for this project was $4,000 per mile 

CS0.20 per square yard). The current ADT is 3,466 with 

8.8 percent trucks. 

There were reflective cracks about every 40 feet throughout 

the project. However, there were a few more cracks in the 

non-C&S section which is expected since it received 1 1/2 

inches less AC. 
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b. · US Route 50, Clay and Union Counties 

The original project consisted of a mesh reinforced PCCP with 

a widened edge (9"-6"-9") section on a 6-inch aggregate ba~e 

that was 20 feet in width. The original construction was 

completed in 1938. The joints were not doweled. 

The C&S project was completed in 1980. It consisted of 

breaking the 40-foot panels at the quarter points with a 

spade type breaker, seating the pavement with a vibratory 

steel wheeled roller, and overlaying with a total of 4 1/2 

inches of AC. There was no control section on this project. 

The C&S cost was $4,000 per mile {$0.20 per square yard). 

The current ADT is 1,492 with 8.8 percent trucks. 

Approximately 90 percent of the project had centerline 

cracks. There were also random transverse and longitudinal 

cracks throughout the project. 

c. OS Route 14, Beadle County 

The original construction consisted of a 22-foot wide, 8-inch 

thick mesh reinforced PCCP on a 6-inch aggregate base that 

was constructed in 1947. The panels were 15 feet long and 

the joints were not doweled. 

The C&S project was completed in 1979. The 15 foot panels 

were cracked at 5-foot intervals with a hydro-hammer. A 
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loaded scraper was used to seat the cracked pavement. A 

500-foot section of the pavement was left uncracked to serve 

as the control section. The C&S and the control sections 

were overlaid with 4 1/2 inches of AC. The cost of C&S on 

this project was $3,258.90 per mile ($0.23 per square yard). 

The current ADT is 2,122 with 13.4 percent trucks. 

There were random cracks observed at the joints throughout 

the project with little or no difference noted between the 

control and the C&S sections. 

6. ·Florida 

a. I-4, Billsbourough County 

The original pavement was a 9-inch plain jointed undoweled 

<except near expansion joints) PCCP with a 20-foot joint 

spacing on 12-inch cement stabilized base. 

The rehabilitation project was.completed in 1979. Four test 

sections were set up to evaluate C&S and two types of fabric 

to reduce reflective cracking. A drop hammer was used to 

crack the pavement into 36-inch maximum size pieces. 

Vibratory compacting equipment or traffic rollers weighing at 

least 15 tons were specified as equipment to seat the cracked 

pavement. All sections were overlaid with a 100 pound per 

square yard (approximately 1 inch) AC leveling course, 

2 inches of AC binder, and a 5/S-inch open graded friction 

course. All sections also received underdrains. 
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The following is a breakdown of the performance of each 

section made by the Florida Department of Transportation in 

March 1986. 

Perc~nt Reflected Joints 
Rt. Lt. Center 

Section Description Edge Edge Longitudinal Transverse 

A Control with underseal 100 so 0 94 

No Fabric 
B Crack and Seat 87 10 0 22 

No Fabric 
c Control with under seal 100 80 35 72 

and fabric 
D Control with under seal 80 36 35 35 

and fabric 

7. Indiana 

I-74 Montgomery/Boone County, a length of 12.4 miles. 

The original pavement was a 10-foot reinforced (welded wire> and 

doweled PCCP on about 6 inches of open graded aggregate subbase. 

Contraction joints were spaced at 40-foot intervals. 

Longitudinal edgedrains were provided in the original 

construction. The pavement was very deteriorated prior to the 

rehabilitation with 100 percent of the slabs having intermittent 

cracking at a rate of about 45 feet of cracking per 100 square 

feet of pavement and about 22 breakups per 100 square feet. 

Every joint was "D" cracked. 
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This rehabilitation project was completed in 1984 and consisted 

of the following sections: 

.Sections 

A. 

A.l 

A.2 

B. 

B.l 

B.2 

c. 

D. 

7.2.25 

Description 

Asphalt underseal with 4 1/4 

inch asphalt overlay 

Same as A with fiber 

reinforced asphalt base layer 

Same as A with fiber 

reinforced asphalt base and 

binder layers 

Cracked and seated with 5 1/2 

inch AC overlay 

Same as B with fiber 

reinforced asphalt base layer 

Same as B with fiber 

reinforced base and binder 

layers 

Cracked and seated with 6 1/2 

inch AC overlay 

Cracked and seated with 8 1/2 

inch AC overlay 

Arch
ive

d



The C&S sections used two types of pavement breakers, a whip 

hammer and a drop hammer. The cracks were required to be mainly 

transverse, spaced 18 to 24 inches apart. A 50-ton rubber-tired 

roller was used to seat the pavement. The C&S cost was S0.64 per 

square yard. 

Since the overlay thickness of the ncontroln does not match the 

C&S, a direct comparison is not possible. The performance 

results of the 5-inch overlay in the C&S section are compared 

below with the 4 1/4 inch "controln overlay. 

a. There were no reflective cracks in the 6 1/2- and 8 1/2-inch 

overlaid C&S pavements. <sections C&D> 

b. Only a couple of reflective cracks were observed in the 

5-inch overlaid pavements (sections B, Bl, B2) which amounted 

to about 1 percent of the joints. 

c. About 40 percent of the transverse joints in the 4 1/4-inch 

ncontrol" pavements <sections A, Al, A2) had reflected 

through. 

d. All cracks observed were medium in severity and followed a 

njagged line patternn across the pavement at the joint. 

e. There were isolated nblow-up" areas in both the control and 

C&S sections. 
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f. There was one area about 1/2-mile long of the 4 1/4-inch 

overlay control sections that showed no reflective cracking. 

The lack of reflective cracking in this one area could not be 

readily explained and is not indicative of the "control" 

sections in the project. 

The 1986 Initial Construction and Interim Performance Report 

from the Indiana Department of HighwaysC2) concludes in 

part ••• "the drop hammer was the most effective machine for 

producing regular transverse cracks in the pavement. 

Cracking reduced the strength of the concrete slab without 

decreasing the subbase support. Rolling with the SO-ton 

roller decreased both the slab strength and subbase support. 

Therefore, a heavy roller should not be used as it does not 

seat the pavement, but rather unseats it.• 

8. Tennessee 

SR-5 Bypass, Madison County 

The existing pavement was a 9-inch PCCP on a 6-inch CTB, with no 

dowels and a 25-foot joint spacing. 

The C&S with overlay was completed in November 1983. It 

consisted of cracking the slab from 18- to 24-inch pieces, 

seating with a SO-ton pneumatic-tired roller, and overlaying with 

5 3/4 inches of AC. The control section had undersealing with 

fly ash/cement grout, full-depth joint repair, joint resealing, 
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and a 5 3/4-inch overlay. The existing pavement was in fair 

condition with less than 5 percent of the slabs with cracks. The 

C&S cost was S0.40 per square yard. 

a. About 20 percent of the transverse joints had reflected 

through the control section overlay with primarily low 

severity cracking. 

b. About 3 percent had reflected thro.ugh in the C&S section. 

c. There were a few isolated locations where longitudinal 

cracking appeared in the wheel paths of the C&S section. 

P. DISCUSSION 

1. Of the 22 projects reviewed, only four projects showed 

appreciably less reflective cracking in the C&S sections than 

in the control sections. To quantify the benefits of C&S, a 

measure of the difference in the percent of transverse joints 

which had reflected through the overlay was employed. 

Observations made during this. review coupled with previous 

State condition surveys, where available, indicated a 

reduction in the percent transverse joints reflecting through 

the overlay during the first few years when C&S is applied. 

However, after 4 to 5 years the C&S sections generally have 

approximately the same cracking as the control sections. 

Therefore, it can be concluded that overall, C&S appears to 
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provide benefits under some conditions by delaying, not 

eliminating, reflective cracking. 

2. The two projects where the C&S sections performed best were: 

a. SR-99 near Bakersfield, California 

b. I-4 near Tampa, Florida 

Because of the notable difference in the percent of 

transverse joints reflecting through between the C&S and the 

control sections on these projects, similarities were 

investigated. It is believed that the following combination 

of conditions had the greatest impact on the success of these 

two projects. 

a. Strong base <cement-treated) 

b. Small changes in seasonal temperatures 

c. Non-reinforced pavement 

These similarities tend to indicate that C&S works best under 

the same limited conditions as other methods used to reduce 

reflective cracking (pavements that tend to have little 

vertical and horizontal movement>. Small changes in seasonal 

temperatures understandably result in less thermal movement 
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in the slab, thereby reducing tensile stress in the AC 

overlay and the possibility of reflective cracking. A strong 

base should help in reducing the vertical shear stresses in 

the overlay. With non-reinforced pavements, the aggregate 

interlock of the crack interface is the controlling factor in 

resisting differential deflection or vertical movement. A 

strong base helps maintain uniform support and should 

minimize differential deflections of the individual pavement 

pieces. 

In addition, non-reinforced pavements should provide better 

performance since the presence of reinforcing steel in a 

slab will tend to inhibit the development of cracks which 

penetrate all of the way through the slab. Even when the 

pavement is cracked full depth the steel will tie the 

sections together concentrating the thermal movement at the 

original joints which should result in reflective cracking. 

Non-reinforced pavements generally have shorter slab lengths 

than reinforced pavements. This reduces the thermal movement 

at the joints and, therefore, should reduce reflective 

cracking. 

3. The reduction of the structural capacity of the existing 

pavement appears to be an undesirable feature of C&S. The 

size of the cracked sections have a direct relationship to 

structural capacity. 
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The 1986 AASHTO Guide for Design of Pavement Structures 

includes a methodology for overlay of C&S pavements. Using 

this methodology, the suggested structural layer coefficients 

(indication of carrying capacity per inch of pavement) of the 

C&S pavement are as follows: 

Structure 
Crack Spacing Layer Coefficient 

l Foot 0.25 

2 Feet 0.35 

3 Feet 0.45 

A research reportCS>, completed for the National Asphalt 

Pavement Association, concluded through back calculation of 

deflection testing performed on Minnesota's C&S projects that 

the structural layer coefficients for the C&S project test 

sections ranged from 0.21 to 0.53. The crack spacing and 

degree of cracking appeared to be related to the structural 

layer coefficients. This tends to support and verify the 

values used in the AASHTO Guide. 

Since the structural capacity of the existing pavement is 

reduced by cracking, more overlay thickness is required to 

maintain the same structural number as the non-cracked 

pavement. Using an overlay analysis such as AASBTO would 

typically result in the need for up to 3 inches to maintain 

equivalent structural capacity. 
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The additional cost of: 1) the additional overlay thickness; 

2) the cracking and seatingi and 3) other required work such, 

as shoulder and guardrail raising, must be evaluated to 

determine if these costs are justified. 

Based on this review and the limited field performance data 

available to date, it appears these extra costs may not be 

justified since the condition of the C&S and control sections 

seemed to be the same after some period of time on most of 

projects reviewed. 

One project where this type of comparison is possible is on 

US 23 in Michigan. This project had two overlay thicknesses, 

440 pounds per square yard and 660 pounds per sq~are yard 

(approximately 4 and 6 inches> on both the C&S and the 

control. The extra 2 inches alone has given added 

performance life because the amount of reflective cracking is 

much less for the thicker overlay. The C&S with the thicker 

overlay is performing no better than its control section 

which indicates no benefit can.be seen at this point. 
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Other C&S projects where various overlay thicknesses were 
constructed are: 

Wisconsin I-94: 

Section Overlay Thickness 

a. Control 4 inches 

b. C&S 11 5 1/2 inches 

c. C&S t2 7 inches 

d.. C&S t3 4 inches 

During the review, 3 years after construction, it was 

observed that the sections b. <C&S-5~") and c. <C&S-7") were 

performing slightly better than sections d. CC&S-4"} and 

a.<Control-4"). 

Indiana I-74: 

Sections Ove[la~ Thickness 

a. Control 4 inches 

b. C&S 5 inches 

c. C&S 6 1/2 inches 

d. C&S 8 inches 

At the time of the review, 2 years after construction, there 

were no reflective cracks in Sections c and d indicating more 

time is bought by the additional AC thickness. 
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4. very little deflection testing has been performed on C&S 

projects. Only two ~f the projects reviewed had completed 

research in this area. The following is a general 

description of the results of that research. 

Indiana. I-74: A Dynaflect was used to measure deflections. 

Deflection measurements were made before cracking, 

immediately after cracking, and after the seating operation. 

The effectiveness of the seating operation was tested after 

three passes of a SO-ton rubber tired roller as required in 

the specifications. Test data was also obtained on seven 

subsections after a variable number of passes of the roller. 

The average increase in deflection per pass of the seating 

roller was: 

2.3 X 10-S inch/pass for No. l sensor 

0.8 x 10-S inch/pass for No. 5 sensor 

Since the deflection increased with each pass of the roller 

for both sensors, the concrete slab and the subbase lost 

strength with each pass. The research report states • the 

heavy roller caused the slab pieces to unseat rather than to 

seat as was originally intended. This means that the heavy 

roller should not be used to attempt to seat the cracked slab 

pieces." 
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California. SR-99: Deflection testing was done with the 

Benkleman Beam and an 18 kip axle load. Deflection 

measurements were taken before C&S, after cracking, and after 

seating. The results of the testing are summarized below.(4) 

Rolling was performed with a 13-ton roller. 

After Breaking/Before Seating 

Change in Number of 
;Q~'lection .IQ;i.nts AJPOunts 

Reduced 36 of 39 (92\) Average = 0.006 inches 

Increased 1 of 39 3•> Average = 0.001 inches 

Unchanged 2 of 39 Si> -----
After seating 

Change in Number of 
Deflection Joints Amounts 

Reduced 9 Of 35 (26t) Average = 0.001 inches 

Increased 14 of 35 (40t) Average - 0.001 inches 

Unchanged 12 of 35 C34t> -----

The results of these two projects cast doubt on the need for 

seating after cracking. More research is needed in this 

area. 

5. A review of the two projects where a direct comparison of the 

cracking pattern is possible, Michigan U.S. 23 and Minnesota 

60/169, reveals that the larger crack spacing generally 

performed better than the smaller crack spacing. This would 
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be expected since for the same overlay thickness, the larger 

crack spacing is structurally superior to the smaller crack 

spacing. 

Figure l shows the results of specific research by Michigan 

and Minnesota which compared performance of different 

cracking patterns. In both cases, the larger crack patterns 

performed better than the smaller crack patterns. Line "O" 

on Figure 1 is the performance of the control section. Any 

value above •o• indicates better performance and values below 

•o• means worse performance. 
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Subiect Technical Paper - Saw and Seal Pavement 
Rehabilitation Technique 

From Chief, Pavement Division 

To. Regional Federal Highway Administrators 
Division Administrators 
(Pavement Specialists) 

Memorandum 

Washington, O.C. 20590 

Dale 

FEB - 2 1988 

Reply to 
Attn of. HHO- 12 

The purpose of the attached technical paper is to provide practicing pavement 
technologists with a brief summary of experience on the technique of saw and 
seal. 

The sawing and sealing technique involves the marking of the existing 
transverse joints of a PCC pavement on the surf ace of the AC overlay. Next, a 
saw is used to cut a joint into the asphalt surface, directly over the existing 
transverse joint. This produces a straight, neat joint in the overlay, which 
establishes a stress relief plane. The joint is then sealed and maintained as 
a normal pavement joint. 

Currently underway is a FHWA Research and Development Administrative contract, 
11 Performance/Rehabilitation of Rigid Pavements." The contractor has recently 
completed the field survey to evaluate performance of saw and seal projects. 
These projects range in age from 3 to 10 years old and are located in 6 States. 
The preliminary review of the data gathered during the field survey indicates 
that projects incorporating the saw and seal technique out perform those not 
using the technique. The research.contractor is now entering the field survey 
data into a data base for further analysis. A more comprehensive report, 
including a chapter for the Pavement Rehabilitation Manual is expected at the 
end of the year. 

Because of the good performance observed from the saw and seal technique, we 
are providing the attached technical paper as interim state of the practice 
information. We can anticipate minor modifications to the current procedures 
upon completion of detailed analysis of the research data and further 
experimental usage. 
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We recommend that you and your staff promote the further usage of this 
technique during the forthcoming construction season. The Pavement and 
Demonstration Projects Divisions would welcome any data as it becomes 
available. If needed, some limited funding is available, on a first come first 
serve basis, for the evaluation and reporting on the performance of recently 
completed or planned saw and seal projects under Experimental Project No. 9, 
Pavement Rehabilitation Techniques. 

N~ Norman J. "an 

Norman J. Van Ness 
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TECHNICAL PAPER 88-01 ~Saw and Seal Pavement Rehabilitation Technique 

I. BACKGROUND 

For the purposes of this technical paper, reflection cracking can be defined 
as fractures in an asphalt concrete overlay that are the result of, and 
reflect, the joint pattern in the underlying Portland Cement Concrete 
pavement, and may be either environmental or traffic induced. 

The basic mechanisms generally assumed to lead to reflection cracking are 
the vertical and horizontal movements of the pavement being resurfaced. 
Vertical movements are differential movements at the joint in the underlying 
pavement and are caused by moving loads; horizontal movements are due to 
expansion and contraction caused by temperature change and/or moisture 
change. The horizontal movement of slabs under an asphalt overlay causes 
high tensile stresses in the ilTITlediate area over the joint. Particularly 
during lower temperature, the AC surface stiffens and can withstand only 
small temperature-induced stresses. In addition to temperature changes in 
the underlying slab, total movement at the joint is affected by slab length, 
moisture changes, friction or bonding to the base, and the stiffness 
properties of the overlying material. 

The problem of reflective cracking is one of the most perplexing facing the 
pavement engineer. There do not appear to be any treatments which can 
prevent the eventual reflection of existing cracks. One treatment, the 
sawing and sealing of joints in the overlay above existing joints and 
cracks, has been demonstrated to effectively control severity and extend the 
service life of the overlay. 

The sawing and sealing technique involves the marking of existing transverse 
joints on the surface of the overlay. Next, a saw is used to cut a joint 
into the asphalt surface, directly over the existing transverse joint. The 
joint should be continued through the shoulders, from outside edge to 
outside edge. This produces ~ straight, neat joint in the overlay, which 
establishes a stress relief plane. The joint is then sealed and maintained 
as a normal pavement joint. 

II. DETAILS OF THE TECHNIQUE 

Accurately locating joint -

The most critical step in sawing and sealing the overlay is the process of 
locating the transverse joints in the existing pavement. Experience has 
shown that as little as one inch deviation from the existing joint location 
can cause the joint to reflect through the overlay at its location rather 
than at the sawed joint. Therefore, extreme care must be· taken in locating 
the existing transverse joints. 
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sealing operation should follow the sawing. They found that at moderate 
temperatures the joints did not close in four days, but at higher 
temperatures, the shoving by traffic did close up the joints.'· 

A practical recommendation would be that the overlay should be sawed before 
any occurrences of sub-freezing temperatures and that the sealing take place 
as soon as possible or at least before traffic is allowed on the overlay. 

Pre overlay treatments -

The effectiveness of sawing and sealing depends greatly on the condition of 
the underlying pavement. To obtain the full benefit, only concrete 
pavements with relatively good joints and no surface deterioration should be 
selected. Joints wider than 3 inches make it difficult to control 
reflective cracks. Concrete pavements with numerous full-depth and surface 
patches, misaligned slabs, and midslab cracking are not candidates for this 
technique. Consequently, there should be a minimum of pre-overlay 
treatments. 

New York specifications include a requirement that if a full depth patch is 
wider than 0.5 feet, then an additional saw cut shall be made at the patch 
interface. 

There have been recent applications of saw and seal technology on projects 
requiring significant joint repair. In one instance, the joints were 0-
cracked. Consequently, the 0-cracked material was milled out 2 inches deep 
over the joints and backfilled with AC prior to the overlay. 

In another instance, the joints were spalled. Again the joints were milled 
3 inches deep and backfilled with AC. Both of these installations are 
relatively new and no significant performance data is yet available. 

III. APPLICATIONS ANO LIMITATIONS 

Jointed reinforced PCC pavements -

A11 of the saw and seal projects have been on jointed reinforced PCC 
pavements, with relatively long joint spacing. This raises the question as 
to the cost effectiveness of the saw and seal technique on plain jointed PCC 
pavement with a lesser joint spacing. 

Northeastern States -

Most of the States using saw and seal are located in the northern tier of 
the country where there is a potential for sizable temperature related slab 
movement. Connecticut, Massachusetts, New Jersey, New York, and 
Pennsylvania have the most experience with the saw and seal technique. 
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New Jersey - This test section was constructed on US 22 in 1977. The 
original pavement was a 9 inch jointed PCC. It was overlaid with 2 inches 
of AC. The joints were sawed 3/8 inch wide and 1/2 inch deep and sealed 
with rubberized joint sealer. 

New Jersey - This test section was constructed on 1-80 in 1977. The 
original pavement was a 9 inch jointed PCC with 78 foot joint spacing. rt 
was overlaid with a 2 inch AC overlay. The joints were sawed 3/8 inch wide 
by 5/8 inch deep and sealed with hot poured elastic (ASTM D 1190}. 

New York - This test section was constructed on State Route 5 in 1980. The 
original pavement was a 9 inch jointed PCC with 90 foot joint spacing. It 
was overlaid with 2 1/2 inches AC. The joints were sawed 1/2 inch wide by 
5/8 inch deep and sealed with hot poured sealant (ASTM D 3405). 

New York - This test section was constructed on 1-81 in 1984. The original 
pavement was a 9 inch jointed PCC with 63 foot joint spacing. It was 
overlaid with 3 1/2 inches of AC and sawed at the joints 1/2 inch wide and 
5/8 inch deep and sealed with hot poured sealant (ASTM D 3405). 

New York - This test section was constructed on I-87 in 1984. The original 
pavement was a 9 inch jointed PCC with 60 foot joint spacing. It was 
overlaid with 4 l/2 inches of AC and sawed at the joints 5/8 inches wide and 
5/8 inches deep and sealed with hot poured sealant (ASTM D 3405). 

Connecticut - This test section was constructed on 1-91 in 1978. It was 
overlaid with 2 3/4 inches of AC and sawed at the joints 3/8 inch wide and 
1/2 inch deep and sealed with hot poured elastic sealant (AASHTO T 187). 

Connecticut - This test section was constructed on 1-84 in 1982. It was 
overlaid with 3 inches of AC and the joints were sawed 3/8 inch wide and 
1/2 inch deep and sealed with hot poured elastic sealant (AASHTO T 187). 

Indiana - This test section was. constructed on 1-80 in 1986. It was 
overlaid with 5 1/2 inches of AC. The joints were sawed 1/8 inch wide and 
2 inches deep. This was followed by routing 1/2 inch wide by 1 inch deep 
and sealed with a single component hot poured elastomeric polymer. 

V. SAMPLE SPECIFICATIONS 

Sample specifications from New York and Indiana are provided as examples of 
comprehensive specifications on saw and seal projects. 

VI. COST DATA 

There is limited cost data available, however, reported costs range between 
$1 and $4 a linear foot for the sawing and sealing technique. 
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I TO: 

ENGiNEERING INSTRUCTION ~ 
NEW YO~K STATE DEPARTMENT OF T~AHSPORTATION 

sueJec-:-: SAWING AND SEALING JOINTS IN 
BITUMINOUS CONCRETE OVERLAYS 

Subi eet Code: 

Distribution: 
Code: 85-43 

31 Main Office 33 Regions 34 Special 
Date: 911 2/85 APPROVED: 

~·1 
Supersedes: 

~- !~e!A-;--rnaI ~Ian~ Bureau 

On April 15, 1985 El 85•25 was issued implementing item 18403.2501 for all asphalt 
overlays effective with the lettings of August 8, 1985. Since then the Materials Bureau 
has discovered that sometimes the concrete joints are milled to a depth of 3" or more. 
This results in a total overlay thickness greater than ~" ove·r the joint. 

The current note 1 on page 4 -would require a l/8" wide sawcut over these milled joints 
but the wording may allow a Contractor to avoid constructing the 1/8° wide sawcut because 
of the reference to the T&L course. 

The new note l requires the l/811 wide sawcut be included 
of asphalt concrete over the existing joint exceeds ~ 
eliminate problems interpreting when to sawcut. Also, 
increased to 2~" minim.um. 

whenever the total thick 
inches. This change she;., 
the minimum depth has been 

The new item number will be 18403. 2502. This will be effective with the letting of 
January 30 1 1986. 
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!T!:M 18403.2502 - SAwI~G Ai.'n' SEALI~G :or~s I~ BI;:"C"XI~or.s CO~ClETE OV'!RLAYS 

If the top course is to.be placed the follo~ing Spring. eue to seasonal paving 
limitations, all underlying coursas shall receive a 111 deep by 1/8" 1.11.de sa~ct:t 
to facilitate and control reflective cracking as well as to provide a means of 
properly referencing the savcut to eventually be ~ade in the top course. These 
sawcuts shall be m.ade in all underlyin~ courses within seven (7) days after the 
underlying courses are placed and before any evi.denc• of reflecti're cracking 
has developed. Sealing of these sawcuts will not be re~uired. Payment for 
sawcutting all underlying courses shall be included in the unit bid price !or 
sawing and sealing. 

Sawcuttins of Transverse Joints. The contTactor shall s.:iwcut transverse joints 
to the ap~ropriate dimensions shown in.Figure I, based on the existing pavement 
slab length and new overlay de~th. Full de~th patc~•s adjacent to joints in 
the underlying concrete shall have separate sawcuts in the overlay over the 
patch/slab interface. See Figure II. Sawcuts over patch interface shall 
conform to 7igure I. The sawcut joints shall be directly over the existing 
po?'tland cement concrete pavement joints and shall be accurate!~ located by a 
method employing pins and strin~line. The pins shall be accurately located 
prior to paving. Details of the method for locating the savcuts shall be 
subject tc the approval of the Engineer. 

The blade or blades shall be of such size and configuration that the desi~ed 
dimensions of the sawcut can be made with one pass. !ither dry or wet cutting 
vill be allowed. ~o spacers betveen blades will be allowed. 

The transverse sawcut ~oints shall normally extend the full '.Width of the 
pavement and shall extend into the asph&lt shoulder to a distance three (3) 
feet beyond th• edg• of :be underlyin1 portland cm:nent conc~ete pavement edge, 
unless otherwise detailed on~th• plan.a or in the proposal. 'Existing transve~se 
joints that ara offset at the lon~itudinal joint by more than l i:lch, :easurec 
betveen th• centel"S of the joint cavities. shall require separate savcuts 
terminating at the longitudinal joints. 

Cleanins. D?".1 saved joints shall be thoroughly cl•aned •11th a st~ea:a. of air 
sufficient to rem.av• any dirt, dust or deleterious matter adhering to the ~oint 
walls or remaining in the joint cavity. Wet sawed joints shall be teorougnlv 
cleaned with a vater'blast (50 psi minimum) immediately after saving ~o remove 
any saving slurr;r; dirt, or deleterious matter adhering to the joint ~alls or 
remaining in the joint cavity. Yet sawed joints shall be blown with air to 
provide dry joint surfaces prior ta scaling. 

All sawing slurry from the wee sawing process shall be i':Zlm.ediately flushed free 
the pavement surface. Dl!"Y dust and material from the dry sawing process shall 
be blown or brushed off the pavement surface. 

The contractor shall be required to provide protective screening, subject to 
the approval of the !n1ineer, if his cleaning O?erations are ca~able of causing 
damage to or interference wit~ traffic in adjace~t lanes. 
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FIGURE I 

.; 

SAWCUT DIMENSIONS 

SLAB LENGTH w D 

50 Ft or less 1/2 in 5/8 in 

51 to 62 Ft 5/8 in 5/8 in 

63 to 75 Ft 3/4 in 5/8 in 

76 to 87 Ft 7/8 in 3/4 in 
88 to 100 Ft 1 in 7/8 in 

NOTE(D 

When the total thickness of asphalt concrete 
over the existing joint exceeds 4~ inches, 
an 1/8 inch wide sawcut sh~ll b~ included 
in the joint geometrics co a minimum depth 
of 2.~ inches. 
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3. CONSTRUCTION -

(a) General. Locate and reference the location of each existing 
transverse joint prior to placement of any bituminous courses. 
Make all saw cuts directly above the existing rransverse joints. 

Do not perform 
thoroughly cooled. 
ment of the wearing 
overlay areas prior 
limitations. 

sav cutting until the bituminous course has 
Perform saw cutting within 7 days after place­
course. Perform this work on all finished 
to discontinuing cf work due to seasonal paving 

Extend the saw cuts the full vidth of the pavement including 
any widening. Provide separate saw cuts in each lane when existing 
transverse joints are offset more than 1 inch. 

If the wearing course is to be placed the following construc­
tion season due to seasonal paving limitations, provide a l inch 
deep. 1/8.inch wide saw cut in the last placed bituminous concrete 
course. 

(b) Saving. When the total depth of overlay exceeds 4% inches. not 
including scratch or leveling courses, make a 1/8 inch wide sav 
cut to a minimum depth of 2 inches or 1/3 of the total overlay 
thickness. 

Saw a reservoir, in the wearing course having a width of 
% inch and a depth of l inch. If wet sawing is used, _immediately 
flush the reservoir with water. 

(c) Sealing. Do not place sealing material unless the reservoir faces 
are thoroughly clean and dry. Do not place on the same day as wet 
sawing. Clean the reservoir by using compressed air immediately 
before placing 1ealin1 material. Use compressed air free of oil, 
moisture, or any other substance that would prevent bonding of 
aealing material to the reservoir faces. 

Do not place sealing material when the air· temperature is 
less than 40 F. Use heating equipment of an indirect beating type, 
constructed as a double boiler. Provide positive temperature con­
trol and mechanical agitation. 

Obtain the safe heating temperature and recommended pouring 
temperature from the manufacturer's shipping container. Plac£ 
the material within this temperature range, but as·close as possible 
to the recommended pouring temperature. Maintain a safe heating 
temperature. Maintain a single material batch at the pouring tempera· 
ture for no more than 4 hours. Heat material only once. 

Fill the reservoir vith sealing material to a level l/Binch plus 
or minus 1/16 inch below the pavement surface. Do not allow sealing 
material to spread over the pavement surface. 

4 • M!ASUREMENT - Linear Foot. 
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a ,, U.S. DEPARTMENT OF TRANSPORTATION ,~ ?\ 
. . 
e .. 

FEDERAL HIGHWAY ADMINISTRATION ~ .:-

~ s1,,.,,u"t:J 

SUBJECT FHWA NOTICE 

HOT AND COLD RECYCLYING OF N 5080.93 
ASPHALT PAVEMENTS October 6, 1981 

1. PURPOSE 

To present the Federal Highway Adm1n1atrat1on'a {FHWA) 
position on recycling of asphalt pavements. 

2. CANCELLATION 

The FHWA Technical Advisory T5040.9 dated February 16, 
197~ Hot Recycling of Asphalt Pavement Materials, 
is cancelled. 

3. BACKGROUND 

The pressing need t.o conserve energy and minimize 
costs in highway construction requires that special 
effort be made to identify and make the maximum use of 
procedures that will result in reduced energy usage and 
minimum cost. Because recycling or asphalt pavements has 
the potential to be an effective method of conserving 
energy and materials and reducing costs, it is FHWA's 
policy that recycled asphalt concrete, defined as 
asphalt concrete containing salvaged paving materials 
including the use of suitable reclaimed material rrom 
other projects, be allowed for use on all projects. 
States with insufficient experience to properly evaluate 
the reuse of these materials should take immediate steps 
to 1n1t1ate experimental projects. 

4. DEFINITIONS 

a. Recycled hot asphalt concrete is an asphalt 
concrete mix, processed hot in a central plant, 
which consists of sized salvaged asphalt material, 
new asphalt, and/or recycling agents and new 
and/or salvaged aggregates, and meets all standard 
material and mix spec1f1cat1ons for the type of mix 
being produced. 

OISTAIBUTION: H- WDM-1 7.5.1 OPi: HHO- 31 
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?HWA NOTICE N 5080.93 
Jctober 6, 1981 

b. Recycled cold mix is an asphalt concrete mix, 
processed in a central plant or on the grade 
which consists of sized salvaged asphalt material, 
some type or stabilizing agent and new and/or 
salvaged aggregates. This material meets specifica­
tions of an asphalt aggregate base and generally 
requires that an asphalt surface course or surface 
seal be used. 

5. PAVEMENT DESIGN 

a. 

b. 

c. 

d. 

Recycling should be one of the options considered 
at the design stage or all rehab111tat1on projects. 
Material testing of the old pavement may be necessary 
to determine that recycling is a practical option. 
The decision to recycle or to overlay should be based 
on cost and performance on a lite cycle basis rather 
than 1n1t1al cost and should be specified by the 
contracting agency. It is emphasized that alternate 
bids between recycling and overlay are not recommended. 

Cracks and material deficiencies in the overlaid 
pavement will cause reflective cracks and points or 
weakness to occur in an overlay. Cracks can be 
eliminated and material deficiencies can be corrected 
by recycling •. 

Recycled mixes placed experimentally as base 
layers, top structural layers, and wearing 
surfaces are still being evaluated and it would 
be premature to offer definite conclusions on 
life cycle performance. However, the earliest of 
those pavements are 5 years old or older and are 
performing as well as pavements constructed with 
new materials. While there is limited experience 
with recycled mixes, it appears that reasonable 
performance can be obtained. 

It is reasonable to assume that a recycled layer 
is structurally equivalent to an equal thickness of 
new hot mix pavement provided the mix meets all of 
the laboratory design criteria for a new mix intendeq 
to perform the same functions. 
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FH~A NOTICE N 5080.93 
October 6, 1981 

e. Only proven methods and materials with which there 
has been adequate experience to assure success 
should be used on large projects with high traffic 
or heavy loading. 

6. MIX DESIGN 

a. Recommendations for detailed mix design procedures 
are contained 1n NCHRP Report 224. Gradation and 
other material requirements should be the same for a 
recycled mix as those developed for mixes using all 
new materials for the same type of pavement. 

b. Distress observed on a few projects is directly 
attributable to improper or poor mix designs 
represented by low stabilities, uncorrected aggregate 
stripping problems, and low job achieved densities. 
These problems emphasize the need for proper mix 
design and construction control. Research results 
indicate that testing for water susceptibility 
is especially important for recycled mixes. 

c. Variation in material properties of the pavements to 
be salvaged should be identified by sampling and a 
sufficient proportion of new material provided to 
reduce the variation to an acceptable level. 
Major changes in mix characteristics for various 
sections along the same route usually demand separate 
mix designs. 

d. Removal and sizing of salvaged pavement materials 
have at times created additional minus 200 sieve 
material. The amount depends on the type and 
operation of the sizing process and aggregate 
properties. Final mix design should always be 
corrected to final properties of the material 
processed by the actual equipment used on the 
project. Large amounts of minus 200 sieve material 
or other gradation deficiencies can be compensated 
for by limiting the amount of salvaged material 
used in the recycled mix and varying the gradation 
of the added new material. Experience has indicated 
that in most cases crushing·the recycled material to 
a maximum particle size of 2 inches is adequate for 
hot mix. Additional crushing may result in excess fines. 
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FHWA NOTICE N 5080.93 
October 6, 1981 / 

e. A soft asphalt alone has been used successfully 
to restore the penetration and viscosity of the 
reclaimed asphalt binder. A number of commercial 
recycling agents have also been used when 
salvaged asphalt binder in the salvaged material 
was severely hardened. Any proposed softening 
agent should be tested with the salvaged asphalt 
for the specific project, in the ratio to be used, 
to assure the desired properties of the combination 
are realized. 

7. REMOVAL AND SIZING 

The type and degree of deterioration in a pavement to be 
constructed and/or the type of material underlying the 
pavement will usually determine whether a full or partial 
depth removal technique is utilized. Full-depth pavement 
removal and sizing can be accomplished using standard 
construction equipment such as dozers and loaders and 
portable or stationary crushers or by milling machines. 
The latter process) although generally more expensive~ 
allows removal of one lane without disturbing traffic 
movement on adjacent lanes. Excessive dropoffs can be 
m1n1m1zed by milling successive levels to a specific 
depth. While milling machines usually are specified 
for partial depth removal, the choice of the method 
used for full-depth removal will be influenced by 
economics and maintenance of traffic through 
construction. 

8. EQUIPMENT 

Virtµally all equipment manufactured today for the 
production of asphalt concrete can be built to produce 
acceptable recycled mixes and meet all air quality 
standards. Existing equipment can be modified at 
reasonable cost. In hot mix recycling, batch plants 
are generally limited to the reuse of a maximum amount 
of 50 percent salvaged asphalt material in a recycled 
mix, while an upper limit of approximately 70 percent 
is attainable in some drum plants. 

9. SAVINGS 

Materials savings are realized from the reduction 
in new asphalt and aggregate. Energy savings 
result p~1marily from reduced aggregate haul 
and drying, and asphalt transportation. Cost 
savings are greatly influenced by length of 
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FHWA NOTICE N 5080.93 
October 6, 1981 

aggregate haul and distance from the plant 
to the job site. Other factors which have a 
major influence on bid prices are the degree to 
which contractors 1n the area are familiar with 
and equipped for recycling, the size of the 
State's present and projected recycling 
program, and State contract procedures. 

10. RECOMMENDATIONS 

a. Allow the contractor the use of salvaged asphalt 
materials and aggregates in the production of 
asphalt concrete. 

b. Allow the contractor to determine the source and 
amount of salvaged material to be used as long as 
the mix produced meets all standard material and mix 
specifications called for in the contract. 

c. Require that a revised mix design be submitted and 
approved prior to changing either the source or 
amount of salvaged material originally approved. 

d. Serious consideration should be given to 
transferring ownership of all material to be 
removed to the contractor. This allows the owner 
agency to receive instant credit, in the form of 
lower bids, for the value of the salvaged material 
removed. 

e. Do not specify how to remove and size a pavement 
scheduled for full-depth reconstruction; what type 
of hot mix plant (batch, continuous or drum) to 
use; the use of recycling agent--but allow it to 
be used; and what percentage of salvaged material 
to be used. All of these will be determined by 
economics resulting from the competitive bidding 
process. 

f. Recycled hot asphalt concrete should be paid for 
on the basis of a bid price per ton regardless of 
the percentage of salvaged material used. This 
price per ton 1s also to include the costs of all 
new additional asphalt, recycling agent, and aggregate. 

11. DISCUSSION OF RECOMMENDATIONS 

These recommended practices will allow the production 
of recycled asphalt concrete, if economically feasible, 
at any time in any location. Because no restrictions 

7.5.5 

Arch
ive

d



FHWA NOTICE N SOS0.93 
October 6, 1981 

are placed on percentages of used salvaged material, a 
batch plant owner can economically compete with owners 
of drum plants. If across the board use of salvaged 
materials is allowed in the production of asphalt 
concrete, the contracting industry can better just1ty 
gearing up for such production and write otr the 
additional plant modification coat over a much larger 
tonnage basis over a longer period of time than on 
only one or two projects. 

Transferring ownership or all removed salvaged material 
to the contractor encourages recycling because surplus 
material can be used in private work at additional 
savings to the contractor. 

12. EVALUATION 

Most highway agencies have successfully constructed one 
or more hot recycling projects and are continuing to 
develop new projects. These projects have been constructed 
under NEEF Project 22, Pavement Recycling, distributed by 
Notice N 5080. 64 dated June 3,, 1977 •. Many projects have 
also been constructed with technical and financial 
assistance from the Demonstration Projects program. It 
is recommended that the evaluation of these projects be 
continued to validate long-term performance projections. 
Broad participation is needed to provide the data base 
necessary to require additional projects to be programmed 
experimental. The projects under evaluation should be 
representative of recycling procedures adopted by a State 
which have become routine. When a significantly new or 

.innovative feature is contemplated, or when a project is in 
a significantly different environment, the highway agency 
should be urged to designate the project as experimental. 

A recycling data bank is being developed under a 
contract through the FHWA Office of R~~P~Tch t~at will 
provide a means of long term evaluation of pavement 
recycling. The contract is scheduled to be completed 
1n 1982. 

R. D. M:>rgan 
Associate Administrator for 

Engineering and Traffic Operaticns 

Attacments 
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REPORT FROM WISCONSIN DIVISION, April 13, 1981 

WISCONSIN 

1981 RECYCLING PROGRAM 

During the first 6 months of 1981, Wisconsin Department 
of Transportation (WISDOT) let 42 contracts involving 
recycling of the existing bituminous pavement. 7he dollar 
amount of these contracts totaled $40.4 million and 
included 52 Federal-aid projects. Contractor competition 
for these contracts has been good with only l out of the 
26 successful contractors having more than three contracts. 

The contracts let to date have provi.ded 696, 700 tons of 
recycled bituminous pavement for paving 418 lane miles. 
The average bid price for this recycled bituminous pavement 
has been $8.84 per ton. This is significantly less than 
the $14.24 per ton average for virgin bituminous concrete 
pavement. When the savings in asphalt and shoulder aggregate 
are considered, the savings are almost $8.00 per ton. 

In addition to the above tonnage, eight contracts totaling 
34,800 tons of single aggregate bituminous surface have 
been let with the contractor having the option to use 
recycled or virgin aggregate. Most (6) of these projects 
were relatively small and provided less than 3,500 tons of 
bituminous pavement per project. The two larger projects 
provided 8,800 and 13,350 tons of single aggregate bituminous 
surface. Five of these contracts with optional recycling 
were in Milwaukee County. 

The contracts let 1n FY 1981 have also provided for 
salvaging 496,000 tons of existing bituminous pavement. 
The average cost of salvaging bituminous pavement has been 
$4.41 per ton. 

In addition to the "normal" recycling type of project, 
Wisconsin's 1981 recycling program has included three 
contracts that provide for recycling as part of a sulfur 
extended asphalt pavement. The cost of the sulfur for 
these projects has averaged $149 per ton. 

One of the major accomplishments in WISDOT's recycling 
program 1s the savings in energy~ natural resources, and 
cost. It is estimated that the energy savings this fiscal 
year is equivalent to 915,000 gallons of gasoline; the 
aggregate savings is 574,700 tons of aggregate, and the 
cost savings is $4.8 million. 
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Reports Dealing with Recycling 

FHWA ~OTlCE N 5080.93 
October 6, 1981 
Attachment 2 

NCHRP Synthesis of Highway Practice 54, "Recycling 
Materials For Highways," 1978. 

NCHRP Report 224, "Guidelines for Recycling Pavement 
Materials," 1980. 

American Society of Testing Materials, STP 662, 1976. 

Association of Asphalt Paving Technologists, Volume 46, 
1977; Volume 48, 1977; Volume ~9, 1980. 

Proceedings of the National Seminar on Asphalt 
Pavement Recycling, Dallas-Ft. Worth, Texas, 1980 -
Transportation Research Record 780. 

The above reports are available at a charge from: 

The National Technical Information 
Service (NTIS) 

Springfield, Virginia 22161 

Evaluation of Selected Softening Agents used in Flexible 
Pavement Recycling, FHWA-TS-79-204, 1978. 

Hot Recycling - Minnesota ~ Modified Dryer Drum, 
FHWA-TS-80-233, 1980 

Hot Recycling - Wyoming Dryer Drum, FHWA TS-80-23q, 
1980. 

The above reports are available free of charge from: 

Federal Highway Administration 
Region 15 
Demonstration Projects Division (HDF-15) 
1000 North Glebe Road 
Arlington, Virginia 22201 
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REPORTS PREPARED 
FOR 

DEMONSTRATION PROJECT NO. 39 
RECYCLING ASPHALT PAVEMENTS 

FHWA NOTICE N 5080.93 
October 6, 1981 
Attachment 3 

FHWA-DP-39-1 - IN-PLACE RECYCLING OF ASPHALT PAVEMENT - REPUBLIC 
COUNTY, KANSAS - CONSTRUCTION REPORT - Clarence W. Smith -
August 1978 - 30 pages 

FHWA-DP-39-2 - SURFACE RECYCLING ASPHALTIC CONCRETE PAVEMENT -
MC ALLEN, TEXAS - CONSTRUCTION REPORT - Wade D. Barnes and 
Jack T. Trammell - September 1877 - 58 pages 

FHWA-DP-39-3 - WASHINGTON STATE DEPARTMENT OF TRANSPORTATION'S 
FIRST ASPHALT CONCRETE RECYCLING PROJECT - ELLENSBURG, 
WASHINGTON - CONSTRUCTION REPORT - R. V. LeClerc, R. L. Schermerhorn, 
and J. P. Walter - July 1978 - 52 pages 

FHWA-DP-39-4 - RECYCLING OF ASPHALT CONCRETE-OREGON'S FIRST HOT 
MIX PROJECT - WOODBURN, OREGON - INTERIM REPORT - James Dumler 
and Gordon Beecroft - November 1978 - 56 pages 

FHWA-DP-39-5 - PAVEMENT SURFACE RECYCLING ON PARKS HIGHWAY BETWEEN 
LITTLE SUSITNA RIVER AND WILLOW CREEK - ANC'HORAGE, ALASKA -
INTERIM REPORT - John W. Henry - February 1978 - 31 pages 

FHWA-DP-39-6 - BLEWETT PASS RECYCLING PROJECT - BLEWETT PASS, 
WASHINGTON - PRELIMINARY REPORT - September 1979 - 57 pages 

FHWA-DP-39-7 - MILLING BITUMINOUS SURFACE - ELLENDALE, NORTH DAKOTA -
CONSTRUCTION REPORT - September 1978 - 32 pages 

FHWA-DP-39-8 - EVALUATION OF RECYCLED BITUMINOUS PAVEMENTS -
ELKHART COUNTY, INDIANA - FINAL REPORT - Barry L. Elkin -
August 1978 - 60 pages 

FHWA-DP-39-9 - RECYCLING OF ASPHALTIC CONCRETE PAVEMENTS -
LARAMIE, WYOMING - INITIAL REPORT - Wyoming State Highway Department,. 
Materials Division - February 1979 - 89 pages 

FHWA-DP-39-10 - EVALUATION OF RECYCLED ASPHALT CONCRETE PAVEMENTS -
KOSSUTH COUNTY, IOWA - CONSTRUCTION REPORT - Richard P. Henely -
February 1979 - 52 pages 

FHWA-DP-39-11 - RECYCLING ASPHALTIC CONCRETE PAVEMENT - ROSCOE, TEXAS 
CONSTRUCTION REPORT - Bobby R. Lindley - March 1979 - 142 pages 

FHWA-DP-39-12 - EXPERIMENTAL PROJECT SURFACE RECYCLING OF ASPHALT 
CONCRETE PAVEMENT - NATCHEZ, MISSISSIPPI - PROGRESS REPORT -
James D. Webb, Gayle E. Albritton, and Thomas L. Chance 
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FHWA-DP-39-13 - COLD RECYCLING - MENOMINEE INDIAN RESERVATION 
WISCONSiN - CONSTRUCTION REPORT - Steve Beckett and Roy J. Calbo -
February 1979 - 45 pages 

FHWA-DP-39-14 - EVALUATION OF RECYCLED ASPHALTIC CONCRETE -
CHESTER, VIRGINIA - CONSTRUCTION REPORT - C. S. Hughes -
August 1977 - 26 pages 

FHWA-DP-39-15 - INTERIM REPORT ON HOT RECYCLING - Douglas J. Brown -
April 1979 - 99 pages (English or Spanish) 

FHWA-DP-39-16 - PAVEMENT RECYCLING PROJECT - GILA BEND, ARIZONA -
CONSTRUCTION REPORT - Arizona Department or Transportation Research 
Division - October 1978 - 59 pages 

FHWA-DP-39-17 - RECYCLING ASPHALT CONCRETE ON INTERSTATE 80 -
GOLD RUN, CALIFORNIA - INTERIM REPORT - R. N. Doty and T. Scrimsher -
April 1979 - 134 pages 

FHWA-DP-39-18 - RECYCLING OF BITUMINOUS SHOULDERS - FERGUS 
PALLS, MINNESOTA - INTERIM REPORT - Ronald H. Cassell1ua 
and Roger c. Olson - March 1979 - 31 pages 

FHWA-DP-39-19 - RECYCLING OP ASPHALT CONCRETE PAVEMENTS -
. PALM BEACH COUNTY, FLORIDA - INITIAL REPORT - Charles F. Potta 

and Kenneth H. Murphy ~ January 1980 - 35 pages 

FHWA-DP-39-20 - COLD RECYCLING ASPHALT PAVEMENT - SHERVURNE, VERMONT -
INITIAL REPORT - R. I. Fraaco1a and D. ·N• Onuaae1t - January 1979 -
42 pages 

PHWA-DP-39-21 - SURFACE RECYCLING OP ASPHALT CONCRETE PAVEMENT - OHIO -
PROGRESS REPORT - Willia B. Gibboney - November 1979 - 23 pages 

PHWA-DP-39-22 - SURFACE RECYCLING OF ASPHALT CONCRETE PAVEMENTS -
PORT MYERS, PLORIDA - INITIAL REPORT - Charles P. Potta and 
Kenneth H. Murphy - September 1979 - 62 pages 

FHWA-DP-39-23 - RECYCLING OF ASPHALT CONCRETE PAVEMENTS - PANAMA CITY, 
FLORIDA - INITIAL REPORT - Charles F. Potts and Kenneth H. Murphy -
December 1979 - 53 pages 

FHWA-DP-39-24 ·- COLD RECYCLING OP PAVEMENT USING THE HAMMERMILL 
PROCESS - MAINE - FINAL REPORT - David W. Rand - December 1978 -
41 pages 

FHWA-DP-39-25 - COWHERD ROAD COLD ASPHALT RECYCLING PROJECT -
JACKSON COUNTY, MISSOURI - CONSTRUCTION REPORT - Kirk Phillips -
November 1979 - 99 pages 

FHWA-DP-39-26 - COLD BITUMINOUS PAVEMENTS RECYCLING - WIBAUX, MONTANA 
CONSTRUCTION REPORT - John J. Wright - May 1979 - 75 pages 
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FHWA-DP-39-27 - COLD RECYCLING OF A SOIL-ASPHALT ROADWAY - BEAVER 
COUNTY, OKLAHOMA - INTERIM REPORT - Jack C. Stewart - April 1980 -
52 pages 

FHWA-DP-39-28 - HOT MIX RECYCLING - DURANGO, COLORADO - INTERIM 
REPORT - Robert F. LaForce - May 1980 - 61 pages 

FHWA-DP-39-29 - BITUMINOUS CONCRETE PAVEMENT RECYCLING - INTERIM 
REPORT - Edgar J. Hellriegel - NORTH BRUNSWICK, NEW JERSEY -

July 1980 - 61 pages 

FHWA-DP-39-30 - HOULTON - LITTLETON HOT RECYCLING PAVING PROJECT -
HOULTON, MAINE - PRELIMINARY l CONSTRUCTION REPORT - D. W. Rand -
March 1980 - 61 pages 

FHWA-DP-39-31 - HOT RECYCLING OF ASPHALTIC CONCRETE PAVEMENT -
BEAVER, UTAH - INTERIM REPORT - Wade B. Beteson - October 1980 -
170 pages 

FHWA-DP-39-32 - 1980 PAVEMENT RECYCLING PROGRAM - SPRINGFIELD 1 

MISSOURI - INTERIM REPORT - prepared by Anderson Engineering, 
Inc. - January 1981 - 75 pages 
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OTHER RELATED RECYCLING REPORTS 

DEMONSTRATION PROJECT NO. 39 - RECYCLING ASPHALT PAVEMENTS -
PROJECT STATUS REPORT - February 1979 - 66 pages 

RECYCLING OF ASPHALTIC CONCRETE - ARIZONA'S FIRST PROJECT -
James A. McGee and A. James Judd - 28 pages 

MINNESOTA HEAT TRANSFER METHOD FOR RECYCLING BITUMINOUS 
PAVEMENT - REPORT ON MAPLEWOOD, MINNESOTA, RECYCLING PROJECT -
Richard c. Ingberg, Richard M. Morchinek, and Ronald H. 
Casse111us - 1977 - 43 pages 

EVALUATION OF AIR POLLUTION CONTROL DEVICES FOR ASPHALT PAVEMENT 
RECYCLING OPERATIONS - PROGRESS REPORT - Richard P. Henely -
December 1977 - 47 pages 

RECYCLING ASPHALT CONCRETE PAVEMENT - DEPARTMENTAL RESEARCH 
REPORT NO. 52~-l-F - DHT 1-9-76-524-lF - Charles H. Hughes -
August 1977 - 145 pages 

COLD RECYCLING OF ASPHALT CONCRETE PAVEMENT - EXPERIMENTAL 
PROJECTS - REPORT NO. 613-1 - B. R. Lindley - October 1975 -
27 pages 

RECYCLEDASPHALTICCONCRETE PAVEMENT - SR-26, SR-100 TO 
HOLDEN RS-0303(3) - Wade B. Betenson - February 1979 - 94 pages 

COLD RECYCLING OF PAVEMENT BY HAMMERMILL PROCESS - INTERIM REPORT -
David W. Rand - August 1977 - 82 pages 

RECYCLING OF SUBSTANDARD OR DETERIORATED ASPHALT PAVEMENTS -
A GUIDELINE FOR DESIGN PROCEDURES - Donald D. Davidson, 
William Canessa, and Steven J. Escobar - February 1977 -
51 pages 

FHWA-DP-PC-1000-1 - PRODUCTION EFFICIENCY STUDY ON PAVEMENT 
PLANING EQUIPMENT - INTERIM REPORT - David R. Lewis - March 1979 -
58 pages 

HOT RECYCLING IN HOT-MIX BATCH PLANTS - National Asphalt Pavement 
Association - 5 pages 

PRODUCING A BITUMINOUS WEARING COURSE BY DRUM MIX RECYCLING 
(MICHIGAN) - R. B. Moore and R. A. Welke - January 1979 
51 pages 

BATCH PLANT RECYCLING (MICHIGAN).- John E. Norton - April 1979 -
30 pages 

USE OF RECYCLED ASPHALT SURFACE MATERIAL IN THE CONSTRUCTION 
OF A BITUMINOUS STABILIZED BASE (MICHIGAN) - J. H. DeFoe and 
G. F. Sweeney - April 1978 - 21 pages 
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MIXED~IN-PLACE STABILIZATION OF HIGHWAY BASE AGGREGATES AND 
P~LVErtIZED BITUMINOUS SURFACING USING ASPHALT STABILIZERS 
{MICHIGAN) - J. H. DeFoe - March 1977 - 39 pages 

RECYCL:NG OF BITUMINOUS MAINLINE AND SHOULDERS (MINNESOTA) -
Roger c. Olson - February 1979 - 26 pages 

RECYCLING OF ASPHALTIC CONCRETE PAVEMENTS N0.2 (WYOMING) -
Materials Division of Wyoming State Highway Department -
86 pages 

RECYCLED COLD-MIX ASPHALT BASE CATOCTIN MOUNTAIN PARK (REGION 15, 
FHWA) - William F. Bensing - December 1978 - 34 pages 

HOT MIX RECYCLING GEORGE WASHINGTON MEMORIAL PARKWAY (REGION 15, 
FH\tfA) - Reynaldo Cortez - 31 pages 

EX?ERI~EN:AL TEST SECTION NEAR COVE FORT (UTAH) - Uath Department 
of ~rar.sportat1on - 59 pages 

RECYCLING ASPHALTIC CONCRETE PAVEMENT (TEXAS) - FINAL REPORT 
(I-20 PROJECT) - Bobby R. Lindley - January 1980 - ~ pages 

EVA~UAT:ON OF RECYCLED ASPHALT CONCRETE PAVEMENTS (KOSSUTH 
COVN~Y, !OWA) - FINAL REPORT - Richard P. Henely - 30 pages 
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us. DepQi h I lel'lt 
alronsportotion 

F'«leraf Highway 
Adrnnlstration 

Sub1ec1 Use of Rec ye 1 ed Concrete in 
Portland Cement Concrete Pavements 

From: Chief, Pavement Division 
Washington, D.C. 20590 

To: Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

Dale 

Reply lo 
Ann of. 

J1. 25 B 

lfi0-12 

A Pavement Design and Rehabilitation Team Review was recently made of 
pavements, located in one State, reconstructed with recycled portland cement 
concrete (PCC} pavement. The purpose of the review was to analyze causes for 
the transverse working cracks which were developing in many of the slabs. 

The pavements were reconstructed in 1984 and 1985 using the recycled existing 
PCC pavement. The design called for a 10-inch reinforced PCC pavement with 
plain PCC shoulders and an open-graded granular (unstabilized) subbase. The 
mainline pavement joints were spaced at 41 feet. 

Numerous intermediate cracks with spalling and faulting were observed. 
Typically there were two cracks per slab, occurring at the third points. 
These cracks were significantly more severe in the driving lane. A few slabs 
had also developed one or two additional cracks, some of which showed signs of 
staining. 

Observation of the concrete which was removed fran the pavement indicated that 
sane of the recycled material, used as large aggregate in the reconstructed 
pavement, was mainly mortar with very little if any aggregate. 

The team made the following recorrmendations to this specific State: 

1. Based on recent findings. 1t is our reconmendation that recycled 
PCC pavement not be used as aggregate in reinforced PCC pavements. 
The wire mesh reinforcement in reinforced pavements is intended to 
hold cracks close together so that load transfer can be obtained 
through aggregate interlock. However, the recycled concrete 
aggregate does not appear to provide adequate aggregate interlock 
for two reasons. The first is due to its fairly small size; on 
these projects the top size was 1 inch. 
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The second is due to portions of this larger aggregate being 
merely lumps of mortar, which easily grind smooth with pavement 
deflections caused by traffic loading. Since the recycled 
pavement does not provide sufficient aggregate interlock, the wire 
mesh reinforcement is subjected to excessive shearing forces. As 
a result, the wire mesh ruptures and the crack begins to function 
as a working joint. Plain PCC pavements are designed not to 
crack, so aggregate interlock is not a factor, providing dowel 
bars are properly installed at the joints. 

2. If the decision is made to use recycled PCC pavements as aggregate 
in reinforced pavements, it is reconrnended that a 3-sized 
aggregate mix be used, with the recycled PCC pavement serving as 
the middle-sized aggregate. A larger-sized coarse material should 
be added to provide the necessary aggregate interlock. 

3. The high absorptive level of the recycled aggregate (approximately 
6 percent) may have resulted in high drying shrinkage of the 
concrete. This in turn could cause the cracks to open wider than 
normal, further reducing load transfer through aggregate 
interlock. When recycled concrete pavement is used as aggregate, 
consideration should be given to moistening the aggregate prior to 
adding it to the mix. 

Based on the performance of the recycled concrete in reinforced pavement which 
was observed in this State, we believe a review of reinforced ·concrete 
pavements constructed with recycled concrete is warranted. We would 
appreciate your assistance in identifying reinforced pavements, both jointed 
and continuously reinforced, containing recycled concrete as aggregate. These 
pavements should have carried traffic at least 2 years and be located on the 
Interstate or a route carrying moderate to high volume truck traffic. 

We would also like to receive information on any investigations the State may 
have undertaken to evaluate the load transfer at cracks in reinforced 
pavements with recycled aggregates. 

We are planning to canplete this review during September and October so the 
results will be available to the States for use in developing their 1990 
projects. Mr. John Hallin will be performing the review. Please contact him 
at 366-1323, 1f you have any questions. To expedite the review, please advise 
him, by phone, of the projects which are available for review. 

7.7.2 

Arch
ive

d



The Use of Recycled PCC 
as Aggregates in PCC Pavements 

Stephen W. Forster 
Construction1 Ma1ntenance and 
Environmental Design Division 
Off1ce of Engineering and Highway 
Operations Research and Development 

February 1985 
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The Use of Recycled PCC as Aggregates in PCC Pavements 
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The Use of Recycled PCC as Concrete Aggregate 

1. Introduction 

1.1 The Incentive to Recycle. Economic considerations are the primary 
reasons for recycling, although often there are also environmental 
benefits to be derived. In some areas of the country there dre no 
available supplies of virgin aggregates and recycling is the .2!!ll 
viable economical solution. In other areas available sources of new 
rock are inaccessible, either because the value of the land .is too 
high, or because zoning-type constraints prevent the opening of pits 
or quarries to obtain the material. In some instances, such as 
highly developed urban areas, econo~ic incentive comes from the 
inability to properly dispose of the wasted material, and hence, it 
is less expensive and more environ~entally acceptable to re-use it. 
Therefore, when a PCC pavement will be removed prior to replacement 
with a new pavement, the project is a prime candidate for recycling, 
thereby serving as a source of aggregate in the new concrete and 
eliminating the need and expense of disposing of the material 
removed. Further, if the project is large enough to set up an 
aggregate plant on site, additional savings can be realized by the 
elimination of much of the materials' transportation costs • 

• 1.2 Recycling History. Results of a 1971 survey conducted by the Texas 
State Highway Department and the Texas Transportation Institute 
(ref.1) indicate that at that time little consideration was being 
given by most States to recycling existing pavement material other 
than as unstabilized base courses. PCC removed from a roadway was 
normally disposed of in landfills, or at best as erosion control in 
drainage ditches. This attitude has changed, as the use of natural 
resources and energy has had increasing economic impact. 

Proposals to use recycled PCC as concrete aggregate material 
generated a number of questions. First, what would the quality of 
the new concrete containing the recycled material be, compared to the 
old concrete and also to new concrete made with natural aggregate? 
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Would the crushed concrete make good aggregate? How could the 
reinforcing be easily removed? Would recycling for this purpose 
(aggregate) be an economically viable alternative? These questions, 
and many others, concerning the recycling of PCC have now been 
substantially answered by subsequent work. This report will deal 
particularly with the use and properties of the recycled material as 
aggregates in PCC. 

1.3 FHWA Involvement. The Federal Highway Administration (FHWA} 
initiated Demonstration Project No. 47 (DP47), Recycling Portland 
Cement Concrete Pavements, in May, 1978, and it is still active. The 
initial report under this project was the reprinting of an Iowa 
Department of Transportation report on an early recycling project, 
which is sunmarize.d later in this report. A number of other States 
have since conducted recycling projects under DP47 and States 
continue to show interest in participating in DP47. 

FHWA also established project 22 on pavement recycling under its 
National Experimental and Evaluation Program (NEEP) in June, 1977. 
Both asphalt and portland cement concrete recycling were included in 
NEEP 22. Throughout its duration 42 States participated in the 
project which has now been integrated into either DP 47, mentioned 
above, or DP39, Asphalt Pavement Recycling. 

FHWA sponsored a national seminar on PCC recycling and rehabilitation 
in September, 1981, which was conducted by the Transportation 
Research Board (TRB). Many of the details given is this report are 
from the proceedings volume {ref. 2) and the surrrnary volume {ref. 3) 
for this meeting. 

1.4 Definitions. Recycling as applied to PCC pavements many be grouped 
into 3 categories.· First is surface recycling, which includes 
milling or grinding the surface (approximately the top inch (25 mm)) 
of the pavement to remove surface deterioration, restore rideability, 
and improve surface friction. The matertal removed is usually quite 
fine and in relatively small quantities, so it is nonnally not used 
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as concrete aggregate. A second type of recycling is in-place 
recycling in which the old pavement is crushed and combined with the 
existing base or subbase material to fonn a base for support of a new 
pavement. The third type of recycling may be called plant recycling. 
in which the existing PCC pavement is broken up, removed from the 
roadway to a crushing operation, crushed and sized. The aggregate 
material thus produced is incorporated in a new PCC mixture for 
placement on the job. It is this use of the old concrete as 
aggregate in new PCC which will be the major topic of this report. 

2. Properties of Recycled PCC Aggregate 

2.1 Aggregate Tests. A number of laboratory studies have compared the 
properties of aggregate material made from crushed PCC with the 
properties of natural aggregates. Early work in this area was done 
by Alan Buck of the U.S. Anny Engineers Waterways Experiment Station 
(WES), (ref. 4). Buck examined the properties of aggregate made from 
crushed concrete containing chert gravel (coarse) and natural sand 
(fine) and a second aggregate made from crushed concrete containing 
limestone (coarse) and natural sand (fine). These manufactured 
aggregates were tested and compared with natural aggregate and then 
incorporated into new concrete mixes for further comparisons. 
Results of absorption and specific gravity tests are shown in Table 1. 

Visual inspection of the crushed concrete indicated a good particle 
shape. The fine aggregate as produced did not meet the nonnal 
gradation requirements, but was used as produced in the concrete 
mixes. 

Results of studies conducted by WES, the Iowa Department of 
Transportation, Massechusetts Institute of Technology, The Minnesota 
Department of Transportation, the Michigan Department of 
Transportation and FHWA are sumnarized by Yrjanson {ref. l}. He 
found the following points of agreement: 
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The aggregate particles produced by crushing concrete have good 
shape, high absorptions and low specific gravity compared to 
natural mineral aggregates. 

The r1ichigan Department of Transportation {ref. 5) conducted a 
laboratory investigation of a series of crushed concrete materials 
for comparison with natural aggregate. Table 2 shows their test 
results. Michigan also tested a concrete material which had been 
recycled twice. Its specific gravity was still lower (2.11) and the 
absorption event higher (8.36 percent). These results are 
predictable since with each successive recycling the amount of 
natural aggregate decreases when expressed as a percent of the 
aggregate material and the amount of lighter, more absorptive cement 
paste increases. Interestingly, the soundness loss of the recycled 
material was less (0.9-2.0) then that of the natural aggregate (3.9). 

2.2 Concrete Tests. Buck {ref. 4) made all his recycled concrete mixes 
with a water cement ratio of 0.49, a target air content of 6 .:!:. 1/2 
percent, and a s1 ump of 2 1 /2 .!. 1 /2 inches ( 63 .:!:. 13 11111). He found 
that concrete made with recycled concrete as both coarse and fine 
aggregate had lower slumps and higher cement content than comparable 
mixes made with either all natural aggregate or recycled coarse 
aggregate and natural sand fine_ aggregate. He also noted that the 
concrete with recycled aggregate had compressive strengths 300-1300 

psi (2068-8962 kpa) less than the control concrete throughout the 
period of testing (up to 180 days of age). Freeze-thaw test results 
differed depending on the original aggregate type. Recycled concrete 
containing freeze-thaw susceptible coarse aggregate performed better 
as aggregate in a new concrete than concrete containing that stone as 
coarse aggregate (although whether the improvement is sufficient to 
bring performance to an acceptable level would have to be judged on a 
case by case basis). Conversely, new concrete made with recycled 
concrete containing an originally freeze-thaw resistant aggregate 
performed somewhat worse than the control mix with the natural coarse 
aggregate, although both mixes performed acceptably well. Finally, 
Buck found that volume change in response to temperature changes or 
increased moisture was similar for the recycled concrete mixes and 
the contro 1 s. 7.8.6 
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Yrjanson (ref. 1) presented the following conclusions about the 

recycled concrete in his report: 

1. The use of crushed concrete as coarse aggregate had no 
significant effect on mixture proportions or workability of 
the mixtures compared to the control mixes. 

2. When crushed concrete was used as fine aggregate the 
mixture was less workable and needed more water and 
therefore more cement. Substitution of natural sand for up 
to Joi of the recycled fine aggregate improves workability 
to the approximate levels of a conventional mfx. 

3. The frost resistance of the concrete made from recycled 
aggregates was usually much higher than that made with 
natural aggregates. 

4. The use of recycled aggregate did not have any significant 
effect on the volume response of concrete specimens to 
temperature and moisture changes. 

5. The use of low strength recycled concrete as aggregate need 
not be detremental to the concrete's compressive strength. 

6. The use of water reducing admixtures to lower the water 
content is effective in increasing strengths of concrete 
mixtures that contain recycled concrete as aggregate. 

Fergus (ref. 5) reported that the Michigan Department of 
Transportation used various percentages of recycled PCC in the fine 
aggregate to detennine its effect on the mixture. They also used 
various percentages of recycled bituminous concrete ;n the mixture to 
simulate contamination which would occur in·practice. They made 
their mixtures with a water ce~ent ratio of 0.43, a cement factor of 
6 sacts/cuyd (7.8 sacks/m3} and an entrained air percentage of 5.5 
+ 1.5. The results of this research agrees with the findings o~ 
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Buck and Yrjanson. The slump of the recycled concrete mixtures was 
less than that of the control mixture due to differences in 
workability. Compressive and flexural strengths of the recycled 
concrete were slightly 1ess than those of the control mixture made 
with a gravel aggregate, but still exceeded the Michigan Department 
of Transportation minimum specifications for pavement concrete. 
Those recyc1ed materials with crushed bituminous concrete (patches, 
unremoved overlay spots, etc.) included as a small percentage of the 
aggregate were not detrimentally affected unless there was an 
inclusion of crushed bituminous fines. These fines are almost 
totally bitumen coated and therefore act essentially as voids in any 
strength test of the new concrete. The recycled concretes exhibited 
durability factors superior to that of the control mix. 

3. Special Concerns for Recycled PCC 

3. l Recycled 11 011 Cracked Pavement. The possible use of crushed "D" 
cracked pavement as an aggregate material presents an additional 
concern. The question posed is whether the recycled material will 
continue to promote "D" cracking, or will the problem be alleviated 
(at least to the level of economically available natural aggregate 
naterial) by the crushing which takes place during the recycling 
process. 

Prior to carrying out a recycling project using a 11 011 cracked PCC 
pavement, the Minnesota Department of Transportation conducted a 
laboratory study (ref. 6) to determine the behavior of recycled 11 011 

cracked material when used as aggregate in new concrete. For the 
laboratory work a three foot (0.98 m) section, full width of the 
candidate pavement, was removed and crushed for testing in the 
laboratory. Four initial mixture designs contained: 1) 100 percent 
recycled aggregate; 2) recycled coarse aggregate and natural sand 
fine aggregate; 3) the same as 2, except fly ash was substituted for 
10 percent of the cement; 4) the same as 2, except 20 percent fly' ash 
was substituted for 15 percent of the cement. They also made a 
control with all natural aggregate and 20 percent fly ash substituted 
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·for 15 percent of the cement. Like other investigators, they found 
that the recycled material passing the No. 4{4.75mm) sieve was very 
angular and that this increased the water demand substantially (to 
provide acceptable workability). Mix 1 (recycled fine aggregate) 
required 333 1bs/yd3 (197.5 kg/m3) of water versus 250-260 
lbs/yd3 {48.3 to 15.42 kg/m3) for the control. This higher water 
demand also increased the cement requirement. Compressive strengths 
were at or above conventional mixtures and they had no pro?lem 
entraining the necessary air. Based on these results, three more 
trial mixes were made. The .recycled aggregate all passed the 3/4 
inch (19 rrm) sieve and 0-5 percent passed the No. 4(4.75 rrm} sieve. 
One of the mixes had no fly ash, one had 10 percent of the cement 
replaced by fly ash, and the third had 15 percent of the cement 
replaced by 20 percent fly ash. To evaluate the "D"-crack:ing 
susceptabi1ity, these mixes were subjected to freeze-thaw testing: 
In comparison with concrete containing the 11 011 cracking natural 
aggregate, the concrete with the recycled concrete aggregate was 
somewhat more resistant to freeze- thaw action, and the mixtures with 
10-20 percent substituted fly ash had a greatly reduced "O" cracking 
potential. The fly ash also acted as a plasticizer, thereby lowering 
the amount of water necessary to make the mix workable. 

Based on these 1 aboratory results, the State went ahead and 
reconstructed U.S. 59 using the recycled concrete as coarse 
aggregate. The specific gravity of the recycled coarse aggregate was 
2.41 and its absorption was 4.4 percent. Natural sand was used as 
the fine aggregate and 20 percent fly ash was substituted for 15 
percent of the cement. Average core strength on the concrete was 
4590 psi (31.6 MPa) after 60 days. The m1nus number 4 (4.75 mm) 
recycled material was used in the base course as a stabilizing 
material. 

3.2 Salt Content of Recycled Pavement. As part of the Michigan study 
summarized above {ref. 5), they examined the Ha Cl content of the 
recycled PCC aggregate material, since large amounts of rock salt are 
used as a deicer on their highways. They found that the recycled 
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material contained less than 2 1bs/yd3 (1.2 Kg/m3) compared to 
their critical NaCl level of 4 lbs/yd3 (2.4 Kg/m3} used for 
bridge decks. They concluded that no restrictions were necessary on 
the use of the material based on its salt content. Further, since 
the recycled material is used as only the aggregate portion, the 
overall level of chloride in the new concrete would be even less (the 
amount in the recycled PCC times the fraction of the new concrete 
which is recycled material). 

In preparation for a recycling project, Connecticut {ref. 7) examined 
the total chloride content of recycled PCC material. They found 12 

3 3 . 3 
lbs/yd (7.l kg/m) at the 1.5 in (38 11111) level, 0.96 lbs/yd 
(0.57 kg/m3

> at the 4in ( 102 11111) level, and 0.27 lb/yd3 (0.16 
kg/m3) at the 6.Sin (166 11111) level. The new mixture with the 
recycled concrete aggregate contained 1.93 lb/yd3 (1.l4kg/m3) 
total chloride. 

To sununarize, it would be advisable to check the NaCl content of any 
recycled material which may have excessive salt, and based on the 
findings calculate what the salt content would be for the new mix. 
Based on the results, a decision could be made as to whether any 
additional steps (reinforcement coating, etc.) would be necessary to 
avoid problems. 

3.3 Alkali - Aggregate Reactivity. Three things are necessary to cause 
damaging alkali - aggregate reactivity: 1) an aggregate with 
sufficient amounts of reactive constituents that are soluble in 
highly alkaline aqueous solutions; 2) enough water soluble alkali 
from some source (usually the cement) to drive the pH of the liquid 
in the concrete up to 14-15 and hold it there so that swelling alkali 
- silica gel is produced; 3) sufficient water to maintain the 
solutions and provide moisture for the swelling of the gel. 

The consequences of using recycled PCC material which has suffered 
from alkali - aggregate reaction as an aggregate in a new concrete 
have not been throughly studied. In this special case of PCC 
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recycling, several questions must be answered. How severe is the 
extent of the reaction and the resultant distress at the time of 
recycling? Has the reaction gone to completion - that is, has the 
reactive mineral matter been used up? If petrographic or other 
examination seems to indicate this, it may be safe to go ahead and 
use the material. On the other hand, merely the use of a low 
alkali-cement in the new concrete may not prevent further 
alkali-aggregate reaction with the recycled material because the 
reaction may continue within the recycled material between the old 
mortar and aggregates. Probably the only safe way to screen 
materials with this potential problem is to do long term mortar bar 
expansion tests {ASTM C-227) with the recycled material in cements 
with various alkali contents to determine what level of alkali is 
acceptable. If reaction is taking 
place between the recycled materia1st it may be that no level of 
alkali - in the cement will be low enough to prevent the reaction. 
It has been speculated that the addition of limestone aggregate in 
the mfx may reduce the probability of alkali-aggregate reactivity 
(ref. 8) but this fs not yet proven. Reduction in recycled aggregate 
size may also be helpful in controlling the reaction problem. The 
question of recycling alkali-aggregate reactive materials needs 
additional investigation, and work is currently underway in a 
cooperative study in Colorado. 

4. Field Projects with Recycled PCC 

As a result of field projects incorporating recycled PCC as aggregate in 
the mixture, several facts were learned which should aid in the planning 
and conduct of future recycling projects. Iowa (ref. 9) had one of the 
early recycling projects on U.S. Rte 75 in 1976. They stockpiled the 
entire crushed recycled PCC from the secondary crusher (l 1/2 inch (38 mm) 
minus) in a single stockpile and found that segregation problems resulted 
as well as inconsistent feed through the automatic bin gates of the 
batching plant. They therefore went to splitting the material on the 3/8 
in. (9.5 mm) sieve on subsequent projects, which alleviated the problem. 
Using recycled material for both coarse and fine aggregate produced a 
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harsh mix which was nearly unworkable, so 15 percent concrete sand was 
added which made the mixture .much easier to work. It was found that less 
air entraining agent was needed to reach the desired air content than 
would have been true with a conventional mix. The amount of contaminants 
in the recycled material must be controlled because they often have an 
effect on the air content of the new concrete. They found that 
approximately 75-80 percent of the old pavement is recovered as crusher 
product. Using the experience gained in the initial project, Iowa 
conducted two additional projects in 1977. As was found in the first 
project, the crusher product was low in fine material (22-24 percent 
passing the number 4 (4.7511111) sieve). A three aggregate blend (coarse and 
fine recycled, plus concrete sand) controlled segregation of the recycled 
material and made for a \'Orkable mixture. Washing the recycled material 
was found to be unnecessary if proper removal and processing practices 
were foll awed. 

Minnesota (ref. 6) conducted a recycling project on U.S. 59 in the 
southeastern part of the State in 1980. This was a 11 011 cracked pavement 
and the results pertaining to that particular problem are discussed in 
section 3.1. However, several conclusions reached as a result of this 
project are applicable to recycling projects in general. As in Iowa, 
Minnesota found that the crushed material passing the number 4 (4.75rmn) 
sieve is very angular and results in increased water demand and cement 
content when used in the mix. To avoid this situation, Minnesota removed 
the minus number 4 (4.7511111) material from the crushed concrete and used it 

as a stabilizer in the base material. They found that even in this use it 
needed constant watering to achieve target densities. They calculated 
that they would have enough recycled raaterial for coarse aggregate in the 
mix if they had an aggregate blend of 60 percent coarse aggregate and 40 
percent natural sand. The actual yield proved to be very close to this 
estimate. 

5. Specifications 

Several States (Iowa, for example, ref. 10) have developed specifications 
far removal, crushing, storing, and incorporating recycled materials in 
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new PCC. These specifications cover a11 phases of the construction, and 
the reader is referred to them for this infonnation. The discussion of 
specifications here will be limited to items directly effecting the 
recycled aggregate material. 

5.1 Removal and Contamination. Some limit should be set on the amount of 
allowable contamination in the material recycled, either from any 
asphalt overlay, patch, joint sealant or subbase material. It has 
been found that some amount of adhering asphaltic concrete is 
allowable and not detrimental to the mixture. 

5.2 Crushing and Stockpiling. Maximum size of material should be 
specified and may vary depending on the use of the concrete, however, 
typically top size is specified as 100\ less than 1 1/2 inches (38 
nm). The maximum size specified may have to be reduced (lOOi less 
than 3/4in (19 nm)) if the material being recycled is a "D" cracked 
pavement. Standard good stockpiling techniques should be followed, 
and the plus 3/8 in. (9.5 nm) and minus 3/8 in. (9.5 nm) should be 
stored separately to avo;d segregation. Wash;ng is not nonnally 
necessary, however this would be dictated by individual job 
conditions. Provision should be made to limit the amount of minus 
200 {.075 nm) mater;a1 to some maximum percentage. 

5.3 Mix Proportions. Crushed recycled material may be used for both the 
coarse and fine aggregate, however use of 15-30% natural sand in the 
fines may be specified to improve workability and finishability of 
the mix. Mix proportions should be detennined based on trial mixes 
made in the laboratory. An effort should be made to proportion use 
of the coarse and fine recycled material in the same ratio as it is 
produced by the crusher. 

Cement factor will be detennined according to the strength desired, 
as with a conventional mix. Water shall be used in a ratio which 
will provide acceptable workability and finishability without being 
so high that excessive cement is required to maintain strength. To 
this end, addition of natural fine aggregate (as noted above) may be 
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specified to improve these characteristics while holding the water 
content at a reasonable level. Water reducing admixtures may also be 
considered for the specification to maintain the water cement ratio 
at an acceptable level. Air entrainment will also increase 
workabi 1 i ty. 

5.4 Durability. The durability of the concrete producei should be 
required to be checked in the laboratory according to ASTM C-666 or 
some equivalent method. If alkali-aggregate reactive material is 
being recycled, the expansive characteristics of the new concrete may 
also be checked by ASTM C-227 or equivalent to 'detennine if it will 
perfonn adequately. 

5.5 Air Entrainment. ~ir content may be specified and obtained using the 
addition of an approved air entraining agent as with a conventional 
mix. If the recycled material is air entrained, the specified air 
for the new concrete may have to be set higher than nonnal since the 
measured air will include the newly entrained air plus the air 
content of the recycled material. When the air content of the 
recycled material is subtracted from the measurement obtained on the 
new plastic concrete, the residual will then provide a measure of the 
amount of air in the new mortar. The presence of organic 
contaminants may cause high air contents and therefore de-air 
entraining agents may be needed. 

6. Sunwnary & Conclusions 

This report is an assemblage of the current knowledge on the use of 
recycled PCC as aggregate in new concrete construction. The following 
points highlight its contents. 

1. Recycling PCC is a viable alternative to using natural aggregate in 
concrete construction in many instances, particularly those in which 
the natural aggregate would have to be transported some distance and 
there is a problem disposing of the old concrete removed. 

7.8.14 

Arch
ive

d



2. FHWA continues to encourage States to try recycling projects through 
its Demonstration Project 47, Recycling Portland Cement Concrete 

Pavements. 

3. The recycled material may be tested using many of the same tests used 
for natural agg~egate material. Recycled PCC tends to have a higher 
absorption and lower specific gravity than natural aggregates. The 
crushed material has a good particle shape. 

4. The use of recycled concrete as the aggregate in a new mixture has 
several effects. If the recycled material is used for the fine 
aggregate, its harshness decreases the workability of the mixture. 
This may be compensated for by substituting some natural aggregate 
fines for the recycled material, increasing the water (and therefore 
the cement) content, adding a water reducing admixture, or some 
combination of the three. 

5. The freeze-thaw resistance of the new concrete is generally better 
than that of a comparable concrete made with natural aggregates. 

6. The durab11f ty of recycled 11 011 cracked concrete is greatly improved 
over that of the original concrete, and may be improved still more if 

necessary by specifying a reduced maximum size for the recycled 
material. Fly ash appears to decrease the tendency for 11 0" cracking 
in the recycled concrete mix. 

7. Compressive and flexural strengths of recycled concretes tend to be 
slightly less than those of comparable mixes with natural aggregates, 
however strengths above the minimum nonnally required are still 
easily obtained with proper mix design. 

8. In the few studies examining the possible problems of recycling salt 
contaminated concrete, the NaCl levels were not high enough to 
promote distress. More work needs to be done to detennine the level 
at which salt content in the recycled material becomes detenninantal 
to the new mix, particularly since the recycled material is usually 
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used in pavements rather than bridges which present different 

corrosion conditions. 

9. The use of recycled PCC suffering from alkali-aggregate reactivity in 
a new concrete has not been adequately addressed. The surest 
approach at this time is to subject any suspected material to the 
mortar bar expansion test {ASTM C-227) to evaluate of its behavior. 
Further research is needed in this area. 

10. Specifications for recycled PCC aggregate material should have the 
performance requirements which are generally applied to natural 
aggregates. Attention must be paid to the recycled material's effect 
on the workability of the new mix and the various ways to improve 
it. Depending on the condition and distress of the recycled 
pavement, staternents may have to be included in the specification to 
require testing for durability, expansion, penneability and strength. 

11. Recommendations and Extensions 

The recycling of PCC as aggregate in a new concrete mix is a viable 
alternative to the use of natural aggregates in many instances. 
Experience has shown that with proper planning, testing, and 
construction techniques, quality concrete can be made using recycled 
PCC as aggregate. 

There are a number of recycling situations where additional study 
still needs to be done to determine long tenn effects. The recycling 
of concrete which has suffered from alkali-aggregate reaction still 
involves some unknownsas to the 1ong tenn behavior of the recycled 
aggregate material. A cooperative study is currently being done in 
Colorado to detennine the effects of fly ash on new mixtures using 
this type of recycled aggregate. 

The presense of chlorides in the recycled concrete is another area of 
concern. We know pretty well what levels of chloride content are 
critical in causing corrosion of bridge deck reinforcement. However, 
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in pavement concrete there is usua11y much less steel which has a 
greater cover of concrete. The effect of having the chloride 
concentrated in the aggregate initially is also unknown. 

A synthesis study on recycling of PCC pavement is included in the 
National Cooperative Highway Research Program for fiscal 1985. This 
will sun111arize current knowledge a~d practices in this subject area. 
Recycling of PCC will also be one of the subjects addressed by the 
Strategic Highway Research Program, now in the planning stage. 
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Recycled Material Natural Material 
Chert Concrete Limestone Concrete Chert Gravel Crushed Limestone 

Coarse Friction 
Absorption 4.0 - 4.3 3 .9 2.6 0.8 
SSD Sp. Gravel 2.43-2.44 2.52 2.52 2.67 

Sand 
Fine Fraction 

Absorption 7.6 - 9.0 - a .4 
SSO Sp. Gravel 2.36 - 2 .63 

Table 1. Properties of Crushed Concrete and Natural Aggregates (After Buck, 1973). 

Recycled Material Natural Material 
Once Recycled Twice Recycled Gravel 

Coarse Fraction 
Absorption 3.43 - 5.0 8.36 1.02 
Bulk Sp. Gravel 2.31 - 2.40 2.11 2.67 

Fine Fraction 
Absorption 7.17 - 8.31 - 1.38 
Bulk Sp. Gravel 2.15 - 2.23 - 2.60 

Table 2. Properties of Crushed Concrete and Natural Aggregates (After Fergus 1981). 
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us Depoi Iii erd 
elf la 15pc::u:mc11 
Fedltm I lghMQ 
Adrnlnishulion 

Memorandum 

Subiect Technical Paper - An O"verview of Surface · Datt' APR 6 199'2 
Rehabilitation Techniques for Asphalt Pavements 

Fram Chief, Pavement Division 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Rei:MY to 
Altn cl . HNG-42 

During the past year, the Pavement Division, in conjunction with the Office of 
Technology Applications, has been involved in a comprehensive effort to 
develop an information base on existing and emerging surface rehabilitation 
techniques for asphalt pavements. Examples of techniques we are evaluating 
include: (1) cold mixtures such as slurry seals and micro-surfacing; (2) 
single and multiple chip seals; and (3) open and dense graded thin hot-mix 
overlays. The use of modified binders and f;bers in these applications will 
~~so be examined. This project will provide information on the usage, design, 
~onstruction, cost, and anticipated performance of these techniques when 
appl;ed as a functional improvement to a structurally sound higher volume 
roadway pavement. Further, this project will complement and expand on the 
information gained from the Strategic Highway Research Program's specific 
pavement studies (SPS·3) experiment. 

Attached are copies of the technical paper entitled, •An Overview of Surface 
Rehabilitation Techniques for Asphalt Pavements,• (FHWA-P0-92-008). You may 
wish to provide copies of this paper to your division offices. This paper 
summarizes known preventative maintenance and surface rehabilitation 
techniques based on our literature search and some limited field work. During 
the coming months, we will be visiting several existing and new projects to 
gather additional related information on various applications. Your staff 
assistance in this regard will be appreciated. 

If you have any questions on our effort or like to arrange for a presentation 
on this subject, please call Messrs. Hassan Raza at FTS 366-1338 or 
James Sorenson at FTS 366-1333. 

Attachments 
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From 

To 

Memorandum 
U.S. 0epo I ii ient 
ot Trcnsponcnon 

Fedet al Highway 
Adminilhalkwt 

ACIION: Distribution of 
Publication 

Director, Office of Engineering 
Director, Office of Technology 

Applications 

Regional Administrators 

Oat~ 

i:<~o•v 10· 
A!!''I 01 

Federal Lands Highway Program Administrator 

July 12, 199'-

HNG-42 

The at-tached publication, State of the Practice pesign. 
construction, and Performance of Micro-surfacing (FHWA-SA-94-051) 
provides a comprehensive discussion on an emerging surface 
rehabilitation technology. Sufficient copies of this publication 
are attached for your use and further distribution to the 
division offices and States within your region. Copies have aiso 
been distributed to each of the LTAP Technology Transfer Centers. 
Additional copies are available in limited supply from the 
Research and Technology Report Center, HR0-11, 6300 Georgetown 
Pike, McLean, Virginia 22101-2296 (telephone 703-285-2144} • .. 
Micro-surfacing consists of polymer-modified asphalt emulsion, 
-crushed··il'gqreqflte; ·-mineral -tiller, -water,-- a:nd field-controlled 
additives as needed. Micro-surfacing is primarily used to seal 
existing surfaces, improve surface friction, and fill wheel ruts 
on both moderate and high volume roads. When properly designed 
and constructed, micro-surfacing has shown promising results with 
several years of service life. This surface rehabilitation 
technique has also been used effectively on portland cement 
concrete pavements to improve surface friction or address 
mechanical wear in the wheel paths. 

This state-of-the-practice paper is a result of a joint effort by 
the offices of Engineering and Technology Applications, and the 
industry to develop information on existing and emerging surf ace 
rehabilitation techniques for asphalt pavements. The first 
product of this effort, An Overview of Surface Rehabilitation 
Techniglii!S"for Asphalt Pavements (FHWA-PD-92-008) was developed 
and distributed in April 1992. Presentation slides for both of 
the above papers will be available later this fall . 

.,.,. 

• 
1.10.01 

• • 
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In a related effort, ·an Ot!ice of Enqineerinq memorandum dated 
June 24 announced the availability of warranty quide 
speci~ications for micro-surfacing projects on the National 
Hiqhway system under Experimental Project 14. If you hav~ any 
questions or would like to request technical support in the 
surface rehabilitation area, please call Hassan Raza at 

. 202-366-1338. . . 

WP:; .. ~ -
William A. Weseman 
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Sut>rect 

J::rom 

U.S. Depo II I lent 
of Trcnsponanon 

F9deral Highway 
Administration 

INFORMATION: SP204 - Retrofit Load Transfer 

Chief. Pavement Division 
Chief. Engineering Applications Division 

Memorandum 

Dare 

Repty 10 

Aun of 

FEB l O 199' 

HNG-42 
- HTA-21 

10 Regional Federal Highway Administrators 
Division Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attached are the following documents for your use and information: 

1. Current status report - SPECIAL PROJECT 204 - Retrofit Load Transfer 
and December 27, 1993 report Retrofit Load Transfer in Jointed 
Concrete Pavements 

2. TRB Preprint 940247, Linda M. Pierce, PCCP Rehabilitation in 
Washington State (A Case Study) 

3. Inspection report by Lynn Porter and Cathy Nicolas on Washington 
·State Load Transfer Retrofit Project 

4. Report by Roger Larson of load transfer restrofit field visits 
in Puerto and Indiana 

Until recently, load transfer retrofit had been used only experimentally in 
the continental United States. In the last ten years, an estimated 300 lane 
Km of faulted or cracked undoweled jointed plain concrete pavement (JPCP) has 
been successfully rehabilitated in Puerto Rico. Based on the generally good 
performance of previously constructed load transfer retrofit experimental 
sections in the U.S. and the outstanding performance in Puerto Rico.- SP-204 
was initiated to encourage the development of equipment to construct multiple 
slots in each wheelpath to increase the production rate for this technique and 
to reduce the construction cost and road user delays. 

Attachment l describes the current status and background of this effort. 
Attachment 2 describes the preliminary engineering and experimental test 
section construction that led to the 53 km project now underway in·Washington 
State. Attachment 3 describes the major Washington State project currently 
underway-i.IuLolving 53 km (about 24 km now complete} of retrofit load transfer 
on eastbcrond I-90. Attachment 4 describes field visits to Puerto R1co to · 
observe the long term performance of retrofit load transfer projects and to 
Indiana to observe a demonstration of the feasibility of using carbide milling 
technology to construct multiple slots in jointed reinforced concrete pavement 
(JRCP). 
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Based upon the recent construction of 24 lane km of retrofit dowels {JPCP) in 
the project currently-underway in Washington State and the successful 
demonstration of milling three slots per wheelpath in one pass on working 
cracks in a JRCP ramp in Indiana, equipment is now available to economically 
construct retrofit load transfer at joints or cracks in existing jointed 
concrete pavements. The bid price to construct retrofit· load transfer devices 
in Washington State was $34.50 per dowel installed (62,000 38 mm dowels in 
64 mm wide slots). The average bid price in Puerto Rico is $20 per dowel 
installed (25 mm dowel in 40 mm wide slots) where this has been done routinely 
for ten years {slots sawed individually). 

This technique should be used with other concrete pavement restoration 
techniques to rehabilitate existing jointed concrete pavement before serious 
deterioration is present. Perhaps the most cost-effective initial application 
of this technique would be to restore load transfer at working cracks 
developing in under-reinforced JRCP in other wise good condition. If 
performed early, it would also provide a cost·effective extension of the 
service life at the joints on undoweled JPCP and at transverse cracks without 
serious deterioration in either doweled or undoweled JPCP. If serious 
deterioration is present, full depth patching and/or selective slab 
replacements should be performed instead.- -

When properly applied, this technique will result in a cost-effective 
extension of the service life of existing jointed concrete pavements in good 
to fair condition. This technique would also be a very· effective routine and 
preventive maintenance technique to reduce the cost and user delays during 
repairs of working cracks shortly after they develop and before full depth 
patches or slab replacements become necessary. 

If you have conunents or questions, please contact Mr. Roger Larson, the 
project manager of SP 204, at (202) 366-1326. A Technical Working Group will 
be formed shortly to update guidance reflecting the new equipment developments 
and other critical technical issues to help ensure success of this promising 
technique. 
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US.Dewi ii I IE!rn 
of Trtlnspoi IOllOC I 

F.den:sl Highway 
Administration 

Memorandum 

suorecr ACTION: !STEA Section 6005 
Thin Bonded Overlay and Surface Lamination 
Pavements and Bridges 

Dare July 1 ~ 1994 

To 

Reply due: October 31, 1994 

Director, Office of Engineering 

Regional Federal Highway Administrators 

Fleoty 10 
Ann or 

HNG-32 
HNG-42 

We are requesting applications for additional projects for the Thin Bonded 
Overlay and Surface Lamination (TBO) Program, which is part of the Applied 
Research and Technology (ART) Program established by Section 6005 of the 
Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991. A 
summary of the TSO program and the application procedures are described in 
Attachment A. The application form is included as Attachment B. A summary of 
information on technologies is included in Attachment C. A listing of bridge 
deck and pavement overlay projects and TBO technologies previously approved is 
included in Attachment D and the evaluation plans developed for these projects 
are included in Attachment E. · 

Additional projects are being sought for available fiscal year {FY) 1994 and 
1995 funding. Projects proposed for construction in FY 1996 and 1997 are also 
encouraged. There may be no future solicitations for ISTEA TBO projects if 
enough candidate projects are available for selection from responses to this 
request. Please contact the States in your region for candidate projects for 
the TSO program. Candidate projects proposed by the State highway agencies 
must be submitted on the application form (Attachment 8) and sent with any 
supporting information to the appropria~e Federal Highway Administration 
Division Office by October 14, 1994, for forwarding to this office by 
October 31. The Section 6005 funding provided (100 percent for reporting and 
evaluation and 80 percent for construction and an equal amount of obligation 
authority for projects approved as a part of this solicitation) is in addition 
to the individual State's regular Federal-aid. Please also note that priority 
for funding will be given to the technologies listed in the New Projects 
Sought section of Attachment A. 

Your cooperai..iJJ.D and attention are greatly appreciated. If you have any 
questions or--comments, please contact Mr. Vasant Mistry, HNG-32, 
(202) 366-4599 or Mr. Roger Larson, HNG-42, (202) 366-1326. General questions· 
on the ART Program should be addressed to Mr. Richard A. McComb, HTA-2, 
(202) 366-2792. 
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CHAPTER 8 

SURFACE AND OTHER CONSIDERATIONS 

8.1 Rideability Specifications, December 17, 1987. 

8.2 A Selection of Measuring Equipment Used to Monitor and Enforce 
Rideability Specifications, Technical Paper 88-03, May 24, 1988. 

8.3 TA 5040.17, Skid Accident Reduction Programs, December 23, 1980. 

8.4 TA 5140.10, Texturing and Skid Resistance of Concrete Pavement and 
Bridge Decks, September 18, 1979. 

8.5 TA 5040.31, Open-Graded Asphalt Friction Course, December 26, 1990. 

8.6 Automatic Profile Index Computation, February 21, 1991. 
• J\nalysis and Recommendations Concerning Profdograph Measurements in 

South Dakota, November 1990. 

8. 7 Measurements, Specifications, and Achievement of Smoothness for 
Pavement Construction, NCHRP No. 167, 1990. 

8.8 A Half Century with the California Profilograph, Report Number 
FHWA-AZ-SP9102, February 1992. 
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U.S. DeporTmenf 
of Transportation 

Fedef al High'way 
AdmlrUtration 

Subiec1 Rideability Specifications 

From Director, Office of Highway Operations 

To Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Memorandum 

Washington, D.C. 20590 

Da:e 

Repiv to 
Ar:n o: 

DEC 1 7 1987 

HH0-12 

Smoothness has become the primary measure by which the traveling public 
determines and evaluates the quality of both newly constructed and 
rehabilitated pavements. In the spring of 1987, the Pavement Division assisted 
the Rideability Task Force of the American Association of State Highway and 
Transportation Officials (AASHTO) Subcolllllittee on Construction by developing 
and compiling a survey on rideability specifications being used by the States. 
We have attached a copy of the draft survey summary report for your use. 

Based on the survey results, the task force proposed a revised PCC rideability 
specification and a new AC rideability specification at the SubcOlllllittees 
mid-year meeting. These specifications were balloted on in the fall of this 
year and received a two-thirds majority approval. They were subsequently 
approved by both the Standing Committee on Highways and the Executive Committee 
of AASHTO at their December meeting and will be incorporated into the new 1988 
AASHTO Guide Specifications for Highway Construction when published. Copies of 
the specifications as balloted are attached for your information. 

Key elements of both proposed guide specifications include: 

1. The measurement device is limited to only the California-type profilograph. 

2. Methods for the evaluation of both profiles and bumps are specified as 
California Test 526. 

3. The acceptance level for the profile index was revised from 12 to 10 inches 
per mile using the California type profilograph with a 0.2 inch blanking 
band. 

4. The minimum day 1 s paving length for which a profile is taken is established 
as O. 1 mile, consistent with the evaluation length. 

5. The size of the 0 must grind" bump was increased to 0.4 inch in 25 feet. 

6. Two pay adjustment schedules are provided: l) establishes disincentives 
only on a sliding scale to a maximum reduction of 10 percent at 15 ipm. 
2) an optional schedule, establishes both incentives and the disincentives 
on a sliding scale of a maximum reduction of 10 percent at 15 ipm and a 
maximum increase of 5 percent at 3 ipm. 
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We believe that adopting rideability specifications pays significant dividends 
to all elements of the highway industry in not only providing smoother 
pavement surfaces, but providing a higher quality product. In addition, it has 
been demonstrated through the AASHTO design equations that there is a 
significant direct relation between initial pavement smoothness and design 
life. Therefore, we strongly recolTITiend that you and your staff work with your 
respective divisions and States in developing and implementing rideability 
specifications for both Portland Cement Concrete and Asphalt Concrete. The 
specifications should generally follow the new AASHTO Guide Specifications. 
The Pavement Division is availa provide assistance at your request. 

David S. Gendell 
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401.03 Asphalt Concrete 

Surface Test. Method #1. The surface will be tested with a 10-foot s­
traightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface shall not exceed inch (3/16 to l/~ 
suggested). Irregularities exceeding the specified tolerance shall be 
corrected by and at the expense of the Contractor by removing the defective 
work and replacing it with new material or by an overlay {not patching), or by 
grinding/cold milling as directed by the Engineer. Following correction, the 
area shall be retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness of the pavement will be 
determined by using a profilograph over each designated lane. The surface of 
mainline pavement where the design speed will be 40 miles per hour (MPH) or 
higher will be tested and shall be corrected by the Contractor to a smoothness 
as follows. 

If the final surface course is a friction course or other special purpose 
pavement layer, this specification, including corrective actions and pay 
adjustments, shall be applied to the pavement layer placed prior to the final 
surface course. The Contractor shall place the final surface course so the 
profile index of the final surface course is less than or equal to the profile 
index of the preceding pavement layer. 

Equipment - The profile index will be determined using a California type 
profilograph furnished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided f:. in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 feet from and parallel to each edge of 
pavement for pavement placed at a 12-foot width or less. When pavement is 
placed at a greater width than 12 feet, the profile will be taken 3 feet from 
and parallel to ea~h edge and from the approximate location of each planned 
lane marking. Additional profiles may be taken only to define the limits of an 
out-of-tolerance surface variation. 

During the initial paving operations, either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the final rolling has been completed. Initial testing will be used by 
the Contractor and the Engineer to evaluate the paving methods and equipment. 
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If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, the Contractor may proceed with the paving 
operation. After initial testing, profiles of each day's paving will be run 
prior to continuing paving operations on prior to opening the pavement to 
public traffic. 

A daily average profile index will be determined for each day's paving. A 
day's paving is defined as a minimum of 0. 1-mile of full-width pavement placed 
in a day. If less than 0. 1-mile is paved, the day's production will be grouped 
with the next day's production.. If an average profile index of 15 inches per 
mile is exceeded in any daily paving operation, the paving operation will be 
suspended and will not be allowed to resume until the Contractor takes 
corrective action. In the event that paving operations are suspended as a 
result of the average profile index exceeding 15 inches per mile, subsequent 
paving operations will be tested in accordance with the initial testin~ 
procedures. 

For determining pavement section where corrective work or pay adjustments will 
be necessary, the pavement will be evaluate in O. 1 mile sections using the 
profilogram. Within each 0.1-mile section, all areas represented by high 
points having deviations in excess of 0.4 inches in 25 feet or less shall be 
corrected by the Contractor. After correcting individual deviations in excess 
of 0.4 inches in 25 feet, corrective action shall be made to reduce the profile 
index to 10 inches per mile or less. 

In addition, any 0.1 mile section having an initial profile index in excess of 
15 incher per mile shall be corrected to reduce the profile index to 10 inche~ 
per mile or less. 

On those sections where corrections are made the pavement will be tested to 
verify that corrections have produced a profile index of 10 inches per mile or 
less. 

Corrective actions shall be made at the Contractors expense. All corrective 
work shall be completed prior to determining the pavement thickness. 
Corrections made by cold milling, by diamond grinding, by overlaying, or by 
removing and replacing, shall be as directed by the Engineer in accordance 
with the following: 

(1) Cold Milling/Grinding 

Cold Milling/grinding shall be performed by the Contractor until the 
required surface tolerances are achieved. Cold milling/grinding shall 
be performed so a uniform cross-section is produced. All milled areas 
shall be neat and of uniform surface appearance. 

(2) Overlaying 

Asphaltic concrete pavement overlays shall meet all the requirements 
specified in the Contract. The overlay lift shall extend the full 
width of the underlying pavement surface and have a finished compacte 1 

thickness sufficient to correct the roughness and produce a final 
surface meeting specified surface tolerances. 
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If the overlay does not meet the longitudinal smoothness requirement, a 
second overlay will not be allowed. The repairs to an overlay not 
meeting smoothness requirements shall be made by the Contractor as 
directed by the Engineer 

(3) Removing and Replacing 

Corrections made by removal shall be replaced by asphalt concrete 
pavement materials mee~ing the requirements specified in the contract. 

Price Adjustments - When the profile index does not exceed 10 inches per mile 
per 0.1 mile section, payment will be made at the contract unit price for the 
completed surface course. When the profile index exceeds 10 inches per mile 
per O. 1 mile section but does not exceed 15 inches per mile per O. 1 mile 
section, the Contractor may elect to accept a contract unit Price Adjustment in 
lieu of reducing the profile index. Contract unit Price Adjustments will be 
made in accordance with the following schedule. 

Profile Index 

Inches per mile per 
0. 1-mile section 

Less than (10} 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

100 
98 
96 
94 
92 
90 

Corrective work required 

This unit bid Price Adjustment will apply to the total theoretical tonnage 
representing the total thickness of the asphaltic pavement structure of the 
O. 1-mile-long section for the lane width represented by the profilogram. 

The above Price Adjustment schedule wi11 apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per 0.1 mile 
section, pavement will be made at the contract unit price for the completed 
surface course. When the profile index exceeds 10 inches per mile per 1.0 mile 
section but does not exceed 15 inches per mile per O. 1-mile section, the 
Contractor may elect to accept a contract unit Price Adjustment in lieu of 
reducing the profile index. When the profile index is less than or equal to 7 
inches per mile, the contractor will receive an incentive payment. 

Contract unit price adjustments will be made in accordance with the following 
schedule. 
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Profile Index 

Inches per mile per 
0. 1-mile section 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

105 
104 
103 
102 
101 
100 
98 
96 
94 
92 
90 

Corrective work required 

Pay adjustments for incentives will only be based on the initial measured 
profile index, prior to any corrective work. The Price Adjustment 
schedule for 100 percent pay or pay reductions apply to pavement sections 
where corrective work has been completed. 

This unit bid Price Adjustment will apply to the total theoretical 
tonnage representing the total thickness of the asphaltic pavement 
structure of the O. 1-mile-long section for the lane width represented by 
the profilogram. 
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501.03 Portland Cement Concrete 

Surface Test. Method #1. The surface will be tested using a 10-foot 
straightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface, shall not exceed 3/16 inch. 
Irregularities exceeding the specified tolerances shall be corrected by and at 
the expense or the Contractor with an approved profiling device or by other 
means as directed by the Engin~er. Following correction the area will be 
retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness or the pavement will be 
determined by using a profilograph over each designated lane. The surface 
finish of mainline pavement where the design speed will be 40 miles per hour 
(MPH) or higher shall be tested and corrected to a smoothness as follows: 

Equipment - The profile index will be determined using a California type 
profilograph finished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided for in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 f~~t from and parallel to each edge of 
pavement for pavement placed at a _.-foot width or less. When pavement is 
placed at a greater width than 12 reet, the profile will be taken 3 feet from 
and parallel to each edge and ·from the approximate location of each planned 
longitudinal joint. Additional profiles may be taken only to define the limits 
of an out-of-tolerance surface variation. 

During the initial paving operations, either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the concrete has cured sufficiently to allow testing. Membrane curing 
damaged during the testing operation shall be repaired by the Contractor as 
directed by the Engineer. Initial testing will be used to aid the Contractor 
and the Engineer to evaluate the paving methods and equipment. 

If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, the Contractor may proceed with the paving 
operation. After initial testing, profiles of each day•s paving will be run 
prior to continuing paving operations. 

A daily average profile index will be determined for each day's paving. A 
day 1 s paving is defined as a minimum of 0. 1-mile of full-width pavement placed 
in a day. If less than 0. 1-mile is paved, the day•s production will be grouped 
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The unit bid adjusted price will be computed using the planned thickness of 
portland cement concrete pavement. This un~t bid adjusted price will apply to 
the total area of the O. 1-mile section for the lane width represented by the 
profilogram. 

The above Price Adjustment Schedule will apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per 0.1-mi1e 
section, payment will be made at the Contract unit price for the completed 
pavement. When the profile index exceeds 10 inches per mile per 0. 1-mile 
section but does not exceed 15 inches per mile per 0.1-mile section, the 
Contractor may elect to accept a contract unit adjusted price in lieu of 
reducing the profile index. When the profile index in less than or equal to 
7 inches per mile, the Contractor is entitled to an incentive payment. 
Contract unit Price Adjustments will be made in accordance with the following 
schedule in those cases when the Contractor is entitled to incentive payments 
or elects to accept contract unit Price Adjustments in lieu of reducing the 
profile index. 

Index Profile 

Inches per mile per 
0.1-mile section 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

Price Adjustment 
Percent of pavement 

unit bid price 

105 
104 
103 
102 
101 
100 

98 
96 
94 
92 
90 

Corrective work required 

Pay Adjustments for- incentives will only be based .on the initial measured 
profile index, prior to any corrective work. The Price Adjustment schedule for 
100 percent pay or pay reductions apply to pavement sections where corrective 
work has been completed. 

The unit bid adjusted price will be computed using the planned thickness of 
portland cement concrete pavement. This unit bid will apply adjusted price to 
the total area of the O. 1-mile section for the lane width represented by the 
profi logram. · 
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A SEIE:TICN OF ME1lSURIRi ~ 'CEID 'JU 
M:IU'l.m AND ENFUtt ~ SFU1FICATICH> 

I. lNIRXlJCI'IOO -

'!here has been a large a:anmt of information provided ooncernirg the use arrl 
benefits of rideability specifications recently. 'Ihis paper is to help FHWA 
engineers in the field bec:cme nore familiar with the varia.is types of equipnent 
available to enforce t11ese specifications. Consequently, the followirg 
information is provided to give the engineers an overview of the equipnent 
characteristics, operational arrl calibration nethods, arrl costs. we have tried 
to provide this information for the most mtmonly used devices arrl the 
inclusion or anission of any particular device shrul.d not be oonstrued as an 
en::iorsement or disapproval. 

Cqrrparability of measurements fran the different pieces of equipnent is always 
a question. '!here have been a mm:iber of researdl studies done, arrl several 
underway to address this question. So far, it is sufficient to say that 
correlations have been develcped between several of the followi.rg equipnent 
types. Many of these studies contain restrictions ar:d/or limitations which 
should be uzxierstood before usirg the oo:rrelations. 

n. PR:>FII..OOR.AH -

Traditialal. California Type P.rofil.cgraJ;il - characterized by an aluminum truss 
frame 25 feet lorg. At each en::i is DOUnted a wheel assembly consistirg of six 
caster wheels. In the micXlle of the frame a profile wheel is no.mted directly 
under an:: oonnecte:i to a grapuc recorder. See figure 1. 'Ihe truss breaks 
down into three major cx:rnponents plus the graphic recorder. 'Ibis allows easy 
transportation in a standard sized pickup truck or van. Assembly requires two 
persons about 15 minutes. 'Ihe cost of the traditional California Type 
P.rofilogragh rar.ges fran abait $12,000 to over $25,000 for a m:xie1 which 
includes a microprocessor for da~ reduction. 'Ibis type profilograi;:h is 
manufactured. by James o:>x & Sons, Inc. I Mc cracken Q:>ncrete Pipe Co., Mc Beth 
Ergineerirg o:>:rp., arrl 'Iharpson-Quil.1 Assoc. 

Ames California Type Profil.cxp:ap1 - this device is characterized by an 
aluminum box beam 25 feet lorg as the reference plane. J.bJnted at eadl en::i of 
the beam is a wheel assembly the sane as the traditional California type 
device, with six caster wheels. 'Ihe Anes profilo;rat:h has both a bicycle wheel 
arxi the gI"ati'l recorder assembly ltD.lnted at the rear of the device. 'Ibis wheel 
drives the graph recorder a.rd is not involved in record.in;J the vertical 
deviations. 'Ihe Anes device uses a six-i.nd:l caster wheel no.mted mid beam as 
the profile maasuri.rg wheel. See figure 2. 'As with the traditional 
California type this device also brakes down into three major c:x:rrrpone:nts plus 
the graph recorder asseni:>ly for easy transportation. 'Ihe type of profil(X1raph 
costs about $7, ooo arxi is manufactured by .Altes Profilo;Jrat:h. 

Ra.imart P.rofil.0jt:afi1 - this device is characterized by an aluminum frame 
which has four t:rian;JUlar subfrarres namted equidistant alorg it. F.adl of the 
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I. 
FRAME 
CONNECTION 

TOP VIEW 
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Figure l. Schematic of California type profilograph· 
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View of recording box 
Ames California Profilograph 

Fi~ure 2 
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subframes has three wheels m::::iunted such that no two wheels follow the same 
path. '!he Rainhart device has a profile 'Wheel namted directly un:ier arrl 
connected to a graµtlc recorder in the middle of the frame. see figure 3. '!he 
Rainhart Prof ilogra:t:h does not break down into sutessemblies for 
transportation as do the other profilcx;rati1s. Instead, the Rainhart provides 
an auxiliary wheel assembly which locks down nakin;J the device into a trailer 
for ready transportation. '!his device is manufactured. by the Rainhart Corcpany 
arrl costs abo.:1t $11,000. 

'!he calibration, operation, arrl methcx:lology for reducirg the data is generally 
the same for all the profilogrartis, we will a<liress the details gi:.nerically. 

Calibration of the profilogra:t:h is relatively sinple because they are sinple 
machines where little can go wrorq. 'Ihere are two basic calibrations. one is 
the horizontal distance arrl the other is the vertical deviations. '!he 
horizontal distance is measured by the bicycle tire rollirq alorg the pavement. 
'!his m:::rvement is transferred to the graJ,i1 recorder by a stan:iard bicycle chain. 
'Ihe only adjustments are in tire pressure, tire trueness, an:i a sane models 
allow adjustments to the gearirq at the graJ,i1 recorder. To calibrate 
horizontally, a known distance should be measured with the profilogra:t:h. If 
the measured distance does not con:esporrl to the known distance, adjustments 
should be made. Vertical deviations in the pavement are measured by the wheel 
nounted in the center of the profilogra?i raisirq an:i lowerirg. '!his novement 
is transferred to the pen in the graJ,i1 recorder by cables. '!here is usually 
little adjustment available to the cable med:lanism.. To calibrate vertically, 
blocks of known height are placed un:ier the record.i.rq wheel an:i the pen in the 
grai:h recorder checked to ensure a like height is recorded. 

A two person crew' is required to neasure a profile of the roadway. One person 
pushes arrl steers the profilogra?i while the other marks events on the graph 
recorder an:i ensures the profile is beirq p~ly recorded. Because these 
devices are only able to operate at low speeds, i.e., 2-3 miles per hour, 
extrene care must be exercised while operatirq in traffic. Sane fonn of 
traffic control must be an element of the nonnal operation if the roadway is 
open to traffic. Most specifications require that the prof ilogra:t:h measure the 
roughness in the wheel paths, with the measurements of the two wheel paths 
bein:J averaged for the lane. Events, such as mi.lep:ists, structures etc. an:i 
the direction of travel should be recorded on the grai:ti. 

'!he data reduction process or trace evaluation is an activity which requires 
trainirq in order to ensure repeatability. A special blank.irg bard is placed 
aver the trace so that a maxim.Im aI1DJI'1t of trace is oovered by the o. 2 ( o .1 
recanmended for the Rainhart profilogra:t:h) inch opaque bard. A nearly equal 
ano.mt of deviations will show al:x:we an:i below the opaque bard when the 
bla.nk.in:j band is positioned correctly. see figure 4. '!he height of each 
deviation is detennined to the nearest o. 05 inch. '!he value is recorded al:x:we 
each deviation. Multi-peaked. deviations are considered only once with the 
highest peak m=asurea. Deviations with no width (spikes) represent chunks of 
m:::>rtar, rocks, texture or wheel 1::n.mce arrl are not comted. '!he sum of the 
deviation heights is counted arrl divided by the distance. '!he profile i.niex is 
expressed in inches per mile. Profile In:iex = total ca.mt (inches)/lenqth of 
profile (miles). 
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EXAMPLE SHOWING METHOD OF DERIVING PROFILE INDEX FROM PROFILOGRAMS 

Lines Scribed 0.1 Apart on Plastic Scale 
Start Count At This End---. 

A 

21. 12
1

~ 0.1 Mile @ Horir. Scole of 1
11

=25
1 

_/"'MARK FOR ALIGNING SCALE 
r"" IN NEXT SECTION 

BLANICING BAND 
0.2• WIDE 

Match Line, A 
""·t 

Toto I count for this 0. I mile section is 13! tenths of an inch, or 13. 5 iriches per mile. 

TYPICAL CONDITIONS 

Scallops are oreas 
enclosed bi profile 
lint and blanking bond. 
CSll••11 t .. 11llelell•f 111 tlli1 O•lcll) 

A 

Small rrojeclion1 which 
art no included in tht 

~s 
-----------

B c 

SPECIAL CONDITIONS 

Double peaked 1eollop. 
CO•tr llitll .. t ,_,, c•ul•O 

D 

-n 
~ !!. 
CD ::;; 
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:J 
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Studies have sho,m that the traditional califarnia type a.rd the Ames device 
produce a traci.rlj wr..ich is virtually identic.al. Because of the different wheel 
configuration on the Rainhart, it produc:es a dif fe.rent looki.rg tracing when 
canpared to the other two devices. '!be results of the califomia type 
profilc:grai:ti.s cannot be directly correlated to that of the Rainhart device. 

'!be American Scx::iety of Testing a.rd Materials (AS'IM) is in the p~ of 
developirg a sta.rrlard test mathcd of measuring pavement roughness usi.rlj a 
profil~. 'We will provide oopies of the staOOard when available. 

m. RESIOiSE 'lYPE R:W> R::XG1NESS MFASlJR1K; (RimM) DNICl'S -

Response type road roughness measuring devices operate at highway speeds. 
'lbese devices are nounted in a vehicle (trailer) an:i measure the response 
(bounce) of the vehicle to the road roughness. It is therefore not a true 
measurenent of roughness. Included in this category of equipnent are devices 
that measure the relative axle-bo:iy IK>tion an:i devices that measure the 
acx::eleration of the axle or the vehicle bo:iy. 

Mays Ride M:?ter - this device detennines the roughness of the roadway by 
measuring the displacement between the axle hous:in; an:i the bcrly of the test 
vehicle. '!he methcd actually measures the relative IK>tion of a sprurg mass 
system in :response to traveled surface roughness where the mass is supported by 
autarotive type suspension an:i tires. '!heir are other types of response 
devices, rut the Mays Ride Meter is by far the nDSt ca.monly used. today. 

'!be major carpone.nt:s of the Mays Ride Meter is the rotary transducer, the 
pavement con:lition recorder, an:i the distance measuring inst:J:urnent. '!he rotary 
transducer converts the axle/}:x:rly 110/einent to an electric.al signal. 'lbe 
distance measuring instJ:urnent is an electronic cdaooter. '!he pavement 
con:lition recorder is a mictq>J:cx:essor 'Whidl accepts inp.It fran the rotary 
transducer, the distance measuring instrument, an:i a .keylx)a.rd processes the 
varioos signals into an outp.It. · Th.is outp.It is ccmronly in the fonn of 
accumulated inches of relative mJtion over a distance. 

'lbe Mays Ride Meter can be ll'OJl1ted in either a starrlard passe.rqer car or a 
trailer. Experience has shown that many characteristics in a passerger car can 
af feet the roughness readirg. COnsequently, it is ?'KlW' o::mn::>n to m:::mit the Mays 
Ride Meter carp:>nents in a trailer. See figure 5. Ha.Yever, there are still 
items within the trailer 'Whidl can cause potential inacx::uracy. 'Ihese items 
include: shock absorbers, tire :ram::iness, tire balarx:ie, tire pressure, 
con:lition of springs, lcx:lSe wheel bearings, play in tr:M/sway bar assembly, an:i 
win:l. It has also been fourxl that the roughness readirgs are temperature 
sensitive, therefore readirgs shruld not be made at temperature extrenes. '!be 
trailer must receive preventative maintenance on a regular basis. '!he tires 
must be trued a.rd balanced. Wheel bearing shruld be dlecked a.rd :periodically 
repacked. Tire pressure shruld be checka:i several times a day an:i maintained 
at a constant hot pressure. It is also very :inportant to assure that the shock 
absorbers be maintained in gcx:xi condition a.rd replaced only with a starrlard 
type. Also new shock absorbers shruld be subjected to a break in :pericd an:i 
shruld be wanre::l up daily for a prescribed distance. .Another factor affecti.rlj 
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Detail of Mays Ride Meter 

Figure 5 Trailer Mounted Mays Ride Meter 
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repeatability is the spe.ed at which the test is :run. It is very inp:>rtant to 
maintain the vehicle at a a::>nstant speed. A speed of 50 miles per hoor is 
ca:mronly used in rural are.as, but the device can be operated at slc:Mer speerls. 
calibration tests must be done at all speeds at v.hich roughness maasurements 
will be recx>rded. 

Most users of the Mays Ride Meter use extensive calibration procedures to 
increase the potential for repeatability of eadl Ride Meter arrl the 
carrparability between two different Ride Meters. One methcxi of calibration 
(Highway Perfonnan::ie M::>nitori.rg System Field Manual) consists of both a 
periodic control check to assure the c:xmp:>nents of the device are operati.rg 
properly arrl an annual calibration based on a number of control sections. 
'lhese control sections should be approximately 0.2 mile in len:_:rth arrl be 
:relatively straight arrl level with a lC7# Am. 'lhe lC7# Am is i.np:>rtant because 
to use in-se.tvice control sections the assurrption has to be made that the 
roughness measurements do not significantly charge duri.rg a years time. It is 
extremely i.np:>rtant to recalibrate the device anytime a catp:>nent is replaced. 
or repaired. Turther information is available in Appen:lix J of the HIMS 
Manual. 

'lhe cost of the May Ride Meter Trailer an:i associated strip chart recorder 
manufactured by the Rainhart CClrpany is about $8, 000. 'lhe price of the 
Pavement Con:lition Recorder is about $10,000. '!he operation requires a two man 
crf!M an:i costs about $40.00 per hour includirg the cost of the tOW' vehicle. 

AS'lM Stan::lard Test MethcXI. El082-85, Measurement of Vehicular Response to 
Traveled SUrface Ralghness is available to more fully diSOJSS the details of 
the equiprent an:i its operation. 

Profilirg devices neasure an:i record the lon;;itu::linal profile in one or both 
wheel tracks. In the united states the inertial type profili.rg devices are 
used. Devices in this category of equiprent incltrle the K .. J. law profilaneter, 
the FHWA PRORlJr system an:i the South Da.kota prof ilirg device. 

Inertial Prof ilaneter - these devices are capable of neasuri.rg arrl recx>rdi.rg 
road surface profiles at speeds between 10 an:i 55 miles per hour. 'lhe devices 
utilize the inertial :reference concept whldl was developed in the early 1960's 
at the General M::>tors Corporation Researdl laboratories. 

'1he prof ilateter measures an:i CCl1pltes the lon;;itlllinal. profile of the pavement 
throu:;:Jl:l the creation of an inertial :reference by usirg ao:-eleraneters placed. on 
the body of the neasurirg vehicle. Relative displacenent between the 
ao:-eleraneters an:i the paverrent surface is measured with a non-contact light or 
acoustic neasurirg system no..mted with the accelerareter on the vehicle lxdy. 

Operation requires a t¥.10 person crew, one as a vehicle driver an:i the other as 
a system operator. '!he entire system is m:::unted in a full size van. See 
figures 6 arrl 7. The profile carprt:er, data recorc:li.rx:;J an:i other system 
carp:>nents are all contained in the vehicle. 'lhe profilaneter contains non-
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contact sensors for measurirg road surface profile. '!he acx:::elerc:rneters 
establish the reference plane for the profilaneter system's measurenent by 
measurirg the vertical a<Xelerations of the vehicle l:xx:iy. '!he distance 
traveled by the system is measured with a distance encxx:ier. 'Ihis is usually a 
:p.llse type distance measurirg device Yw'hlch is mounted to the front W'heel of the 
vehicle. 

'Ihe profile signal prooessirg is perforna:i by a digital canputer which is 
mcunted in the vehicle. Profile ca:rp.rtations are perforna:i in real time as the 
vehicle is driven down the road. Interface between the user and the 
prof ilaneter system is provided t.hralgh a system tetmina1 am printer. 

Vehicle response sinul.ation programs for roughnes.s inie.x calculations are 
available with the profilaneter system. 'Ihe selected roughness inie.x is 
nonnalized to read inches per mile arrl is printed cxzt on the system printer. 
'Ihe rooghness indices are si.nulations of st:anda.rdized response type devices 
perf orna:i by the prof ilaneter canputer system arrl canputed fran the measured 
arrl rea:Jrded pavement profile data. '!he sinul.ation.s can be used to calibrate 
response type equipnent like the Mays Ride Meter or the roughness indices 
values can be used as the measured roughnes.s statistic. 

'Ihe cost of a Non-contact Inertial Profilaneter varies with the level of 
precision. '!he K.J. law profilaneter is the llDSt precise device arrl is 
camnercially available f:ran K.J. law Engineers for $250, 000 to $300, 000. '!he 
FHWA ~RUI' system measures the profile in both 'Wheel tracks and the average 
rut depth. To dat.e, one prototype of the ~ has been cxmstruct.Ed for a 
cost of $100,000 to $150,000. '!he SCUth Dakota device us inexpensive 
ultrasonic sensors Yw'hlch are less precise. It measures the profile in one 
W'heel path and the average rut depth. '!he SCUth Dakota device is estimated to 
cost $50,000. 

AS'IM stan:lard Test Methcxl E950-83, Measurirg the I.ongitu:li.nal Profile of 
Vehicular Traveled SUrface with an Inertial Profilareter is available to nore 
fully diSOJSS the details of the equipne,nt am its operation. 

Additional information is available fra:n Bruce E. Matzke, Hll>-12, at 366-1342. 

Hll>-12/5-24-88 
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James COX & Sons 
FO Box 674 

· O:>lfax, california 95713 

McCraken concrete Pipe O::llpany 
FO Box 1708 
SiCJJX City, !Cl"tola 51102-1708 

Rainhart carpany 
FO Box 4533 
Austin, Texas 78765 

Ames Prof ilogra.ph 
200 Ra::kwell Averoe 
Ames, !Cl"tola 50010 

P' paase Type Road Rcujmess MeasurinJ Devices: 

Mays Ride Meter 
Rainhart carpany 
FO Box 4533 
Austin, Texas 78765 

Road ~ Profll.irg Devices: 

K.J. law ~inee:rs,ID:. 
23660 Research Drive 
Farmin:Jt.on Hills, Michigan 48024 

Mr.. David Huff 
South r:akota Department of Transp:>rtatial 
700 Broadway Avernie East 
Pierre, South rakota 57501-2586 
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SUBJECT 

U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 
FHWA TECHNICAL ADVISORY 

SKID ACCIDENT REDUCTION PROGRAM T 5040.17 
December 23, 1980 

Pe:i, • 1. Purpose 
2. Bcickground 
3. Skid Accident Reduction Program 
ij. Pavement Design, Construction, and 

Maintenance 
5. W~t Weather Accident Location Studies 
6. Pavement Skid Resistance Testing Program 

1. PURPOSE. To provide guidance for State and local highway 
agencies in conducting skid accident reduction programs. 

2. BACKGROUND 

a. This Technical Advisory provides a general overview of 
factors that should be considered as elements of any 
Skid Accident Reduction Program. This ~echnical Advisory 
supports current Federal Highway Administration (FHWA} 
policy and will be revised as appropriate to reflect 
changes in policy as they occur. 

&J. The existing requirements for skid resistance pavements are 
contained in several documents including Highway Safety Pro­
gram Standard No. 12, Highway Design Construction and Main­
tenance (23 CFR 1204.4), Federal Highway Program Manu~l 
(FHPM) 6-2-4-7, Skid Measurement Guidelines for the s·.id 
Accident Reduction Program. Other sources of technical 
advice are cited in the appropriate sections of this 
Technical Advisory. 

c. Highway Safety Program Standard 12 (HSPS No. 12) 
states that every State shall have a program of 
highway design, construction, and maintenance to 
improve highway safety. This program shall provide 
that "there are standards for pavement design and 
construction with specific provisions for high skid 
resistance qualities." The HSPS No. 12 also requires 
that each State have a "program ·for resurfacing or 
other surface treatment with emphasis on correction 
of locations or sections of streets and highways with 
low skid resistance and high or potentially high 
accident rates susceptible to reduction by providing 
improved surfaces." In discharging the 
responsibilities of FHWA, the Division Administrator 

DISTRIBUTION: H-W (AD/ CC/EO/OA/PA/PL/P.E/SA/T0)-1; OPI: HHS-, 2 
H-D-1; H-D(CM/ED/Ri/RP/RC)-4; 
H-M-1; H-M(EC/FO/RP/RW/ A/B/C/D/GR/MP/SH)-4 
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should determine the acceptability of specification 
requirements and construction practices for placing, 
consolidating, and finishing both asphalt concrete 
and portland cement concrete pavements. Such 
determinations will rely on the highway agency to 
research, evaluate, and document the performance of 
the various aggregates, mix designs, and construction 
practices used. 

d. Even though the use of studded tires is beyond the 
control of most highway agencies, their use can cause 
significant wear on the pavement surface texture. 
For example, grooves sawed in concrete pavements have 
worn completely down in as short a time as 2 years. 
States are encouraged to ban or restrict the use of 
studded tires. 

e. Legislative actions in recent years support a general 
duty of any highway agency to '' •.• maintain the 
roadway in a reasonably safe condition. This would 
involve, in essence inspection, anticipation of 
defects, and conformity with generally accepted 
standards and practices."* The practical result is 
that highway agencies should have an organized system 
to identify and correct hazardous locations in a 
cost-effective manner, as well as a comprehensive 
pavement management program to design, construct, and 
maintain highways in conformance with reasonable 
standards. Such a systematic process is the best way 
to execute the highway agency's duty to maintain a 
reasonably safe roadway. 

,. SKID ACCIDENT REDUCTION PROGRAM. Each highway agency is 
encouraged to develop and manage a skid accident 
reduction program to reflect the individual needs and 
conditions within the State. The purpose of a skid 
accident reduction program is to minimize wet weather 
skidding accidents through: identifying and correcting 
sections of roadway with high or potentially high skid 
accident incidence; ensuring that new surfaces have 
adequate, durable skid resistance properties; and 
utilizing resources available for accident reduction in a 
cost-effective manner. A program comprised of at least 
the following three basic activities, if faithfully 
implemented, should enable the highway agency to comply 
with HSPS No. 12. 

* Engineering and Government Liability, David c. Oliver, FHWA, 
an unpublished paper presented to the American Road and 
Transportation Builders Association Local Officials Meeting, 
St. Louie,Miesouri, August 23, 1978. 
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a. The evaluation of pavement design, construction, and 
maintenance practices through its pavement management 
program to ensure that only pavements with good skid 
resistance characteristics are used. 

b. The detection and correction of locations with a high 
incidence of vet weather accidents utilizing (1) the 
State and local accident record systems, and (2) 
countermeasures for locations with high vet weather 
incidences, to ensure that existing highways are 
maintained in a safe condition. 

c. The analysis of skid resistance characteristics of 
selected roadway sections to: 

(1) ensure that the pavements being constructed are 
providing adequate skid resistance, 

(2) develop an overview of the skid resistance 
properties of highway systems, 

(3) provide up-to-date information for the pavement 
management process,. and 

(4) provide data for use in developing safety 
improvement projects and the implementation of 
cost-effective treatments at appropriate 
locations. 

4. PAVEMENT DESIGN, CONSTRUCTION, AND MAINTENANCE 

a. Pavement Design 

(1) Current pavement design practices should be 
evaluated to ensure that skid resistance 
properties are durable and suitable for the 
needs of traffic. Consideration of skid 
resistance levels, texture, aggregate 
availability, traffic volume, traffic speed, 
type of facility, rainfall, construction and 
maintenance practices, and accident experience 
are basic elements in such evaluations. 
Evaluations should document the compliance with 
the requirement for skid resistant surfaces and 
provide basic data for use in choosing 
corrective actions for locations with high wet 
weather accident rates. 

(2) One principal result of the evaluations is the 
development of a performance history for each 
particular pavement used by each highway agency. 
The performance of the existing pavement designs 
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should be monitored and new designs should be 
evaluated to ensure that only skid resistant 
pavement surfaces are used. Information should 
be gathered as to the durability of a mix and 
the loss of skid resistance under traffic. 

(3) The level of skid resistance needed for a 
particular roadway depends primarily on the 
traffic volume, traffic speed, type of facility, 
and climate with additional consideration 
warranted at special locations such as steep 
hills, curves, intersections, and other sites 
which experience high demands for pavement-tire 
friction. It is desirable to have one or more 
ttskid resistant mixes" which have durable and 
higher than usual frictional properties for use 
in these special areas. 

(4) A pavement surface may provide adequate skid 
resistance at low speeds, yet be inadequate for 
high speed conditions. Pavement surfaces, 
therefore, should be designed on the basis of 
properties at expected operating speeds. 

(5) The American Association of State Highway and 
Transportation Officials (AASHTO) Guidelines for 
Skid Resistant Pavement Design, 1976, provide 
detailed information on the design of surfaces 
for both flexible and rigid p-vements. The 
major considerations follow: 

(a) Flexible Pavements 

1 The skid resistance evaluation of 
bituminous pavements should include a 
determination that the aggregate used in 
the top layer of future pavements is 
capable of providing adequate skid 
resistance properties when incorporated 
in the particular mix and that the mix 
should be capable of providing sufficient 
stability to ensure the durability of the 
skid resistance. 

2 A bituminous pav~ment surface should 
contain nonpolishing aggregates. It is 
essential for good skid resistance that a 
mix design be used which allows good 
exposure of the aggregates. This 
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requires that the pavement surface 
mixture be designed to provide ae much 
coarse aggregate at the tire-pavement 
interface as possible. 

The open graded asphalt friction course 
(OGAFC), with a large proportion of one 
size aggregate, provides excellent coarse 
texture and exposes a large area of 
coarse aggregate. Guidance for this mix 
can be obtained from FB\rlA Technical 
Advisory T 5040.13, Open-Graded Asphalt 
Friction Courses, January 11, 1980. 

(b) Rigid Pavements 

1 

2 

The evaluation of portland cement· 
concrete (PCC) pavements should include 
a determination that the finishing pro­
cedures, mix design, and aggregates 
provide the initial texture and 
necessary surface durability to sustain 
adequate skid resistance. 

In PCC pavements, the initial and early 
life skid resistance properties depend 
primarily on the fine aggregates for 
mjcrotexture and on the finishing 
operation for macrotexture. 
Specifications for texturing concrete 
pavements should be carefully selected 
and enforced to ensure a macrotexture 
pattern appropriate to the type of 
facility. 

3 Regardless of the finishing or texturing 
method used, adequate durable skid 
resistance characteristics cannot be 
attained unless the fine aggregate has 
suitable wear and polish resistance 
characteristics. Research by the 
Portland Cement Association indicates 
that the siliceous particle content of 
the fine aggregate should be greater 
than 25 percent. 
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4 If pavement evaluation studies indicate 
that the coarse aggregates will be 
exposed by the surface wear and have a 
significant effect on skid resistance of 
pavement, it too should have a suitable 
polish resistance characteristic. 

2 Metal tines, preceded by burlap or 
another type of drag finish.are 
recommended as being the most practical 
and dependable method of providing 
texture in PCC surfaces. Additional 
guidance can be obtained from FHWA 
Technical Advisory T 5140.10, Texturing 
and Skid Resistance of Concrete 
Pavements and Bridge Decks, September 18, 
1979. 

b. Pavement Construction 

(1) Highway agencies are encouraged to adopt a policy of 
"prequalifying" aggregates to be used in surface 
courses. Prequalifying is a method by which 
aggregates can be classified according to their 
friction, texture, wear, and polish characteristics. 
Classifications should reflect performance related to 
traffic volume, operating speed, percent trucks, 
climate, geometric design, and other appropriate 
factors. Design procedures should be established 
to ensure that aggregates can be selected for each 
project which are suitable to the needs of traffic. 

(2) Prequalification may be accomplished by one of the 
following, or a combination of both: 

(a) A systematic rating of all fixed sources of 
aggregates (e.g., a commercial quarry which 
obtains agsregate from the same location for 
many years). Ratings should be based on 
standardized laboratory teats such as the 
American Society for Testing and Materials 
(ASTM) D 3319, Recommended Practices for 
Accelerated Polishing of Aggregates Using the 
British Wheel, or ASTM D 3042 Test for Insoluble 
Residue in Carbonate Aggregates, combined with 
data obtained from skid resistance tests of 
pavements in service. Other tests may be added 
or substituted if shown to predict pavement 
performance. 
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(b) An evaluation and in-service history of the 
~eologic or petrographic types of aggregates 
commonly used. Thus, when a new aggregate 
source is proposed, it can be accepted with 
minimum testing if an in-service history has 
been established for that type of aggregate. 

(3) Based on prequalification of aggregates, 
construction plans and specifications should 
define the friction quality of aggregate which 
will be acceptable. The following steps should 
be followed to assure acceptability of the 
as-constructed pavement surface course: 

(a) After the contractor has identified the 
particular aggregates and asphalt to be 
used on a project, it is recommended that a 
mix design be performed with the actual 
ingredients being used. Aggregates should 
be checked to determine if they are from 
prequalified sources or are an acceptable 
petrographic type. 

(b) Macrotexture and void content are important 
considerations in asphalt mixes. Since 
asphalts are often blended from several 
sources of crude oil that vary in 
temperature-viscosity characteristics, the 
mixing temperature should be determined for 
each project after establishing the 
characteristics of the selected asphalt. 
Allowable tolerances for asphalt content, 
mixing temperatures, and gradation should 
be established for each asphalt mix. 

(e) Job control of asphalt mixes should be 
designed to ensure that desired skid 
resistance properties are obtained. It 
should be recognized that small changes in 
aggregate gradation or asphalt content may 
significantly affect the macrotexture of 
finished surfaces. 

(4) The frictional properties of pavement surface 
types should be randomly tested within 6 months 
after opening to traffic to verify that the 
anticipated characteristics are present. 
Evaluation tests should involve direct measures 
such as the skid tester (ASTM E 274), or an 
acceptable alternative, but may use surrogate 
measures such as those which evaluate texture 
(for example, ASTM E 303, Standard Method for 
Measuring Surface Frictional Properties Using the 
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British Pendulum Teeter; and sand patch tests as 
described in the American Concrete Paving 
Association Technical Bulletin No. 19, Guidelines 
for Texturing Portland Cement Concrete Highway 
Pavements, Measurement of Texture Depth by the 
Sand Patch Method). 

(5) In cases where the skid resistance properties of 
a pavement are found to be questionable or 
inadequate, appropriate warning signs should be 
placed immediately as an interim measure. A 
complete evaluation and any remedial action 
needed should be effected as soon as possible. 

c. Pavement Maintenance. The ea.me procedures and 
quality standards used in construction should be used 
in the maintenance operations. 

5. WET WEATHER ACCIDENT LOCATION STUDIES. The purpose of this 
type of study ls to identify locations with high incidence 
of wet weather accidents, determine corrective measures, and 
take appropriate actions in a timely and systematic manner. 
This activity should be conducted as part o! the highway 
agency's safety improvement program and should make 
effective use of the agency's accident data file. Items to 
be considered for retrieval from the accident and traffic 
records are total accidents (rate), wet weather accidents 
(rate), and the vet/dry ratio• 

a. Identification ot Wet Weather Accident Sites 

(1) Accident records, which are developed in 
compliance with Highway Safety Program Standard 
No. 9, Identification and Surveillance of 
Accident Locations, should be searched at least 
annually to identify sites which have a high 
incidence of vet weather accidents. It is 
essential to have a standardized highway 
location reference system for correlating data 
from different sources. Accident rates at a 
site will be of greatest value if: 

(a) the traffic volume is relatively high (i.e., 
approximately 1,500 vehicles per day or greater), 

(b) the period of accident data is at least two 
years, and 

(c) rainfall data are available for the same 
period as the accident data. 
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{2) Rainfall patterns for the years in which skid 
resistance and accident data were compiled should 
be acquired for each area in the highway agency's 
jurisdiction. A suggested method is presented in 
Appendix A. 

(3) There are several methods in use by highway 
agencies to evaluate wet weather accident 
locations. One such method is the Wet Safety 
Factor (WSF), which is presented in Appendix A. 

b. Field Review. A list of all sites ranked in order of 
WSF or another appropriate measure should be prepared 
as the basic list of candidate sites for remedial 
treatments. The selected locations should then be 
skid tested and reviewed by a team representing 
various disciplines such as highway materials, 
design, construction, maintenance, traffic and 
safety. See Appendix B for skid testing procedures. 
The review team should determine probable reasons for 
the high incidence of accidents and recommend 
corrective actions. Once the review team has 
recommended appropriate corrective treatments, a 
priority list of projects can be prepared based on 
benefits and expected costs. 

c. Priority Program. An assessment should be made of 
the benefits relative to the cost of providing 
remedial treatments for high priority projects. A 
number of highway agencies have their own methods for 
conducting benefit cost analyses of alternative 
remedial treatments. Some of these remedial methods 
are tied into traffic engineering or pavement 
management programs. A specific program for 
evaluating the benefits and cost of alternative 
treatments is presented in reference 1, Appendix c. 

d. Evaluation 

(1) Evaluation of completed projects as required in 
Highway Safety Program Standard No. 9 and FHPM 
8-2-3, Highway Safety Improvement Program, 
should be well documented and should include a 
representative sample of completed projects. A 
sampling plan should be established, using 
accepted statistical methods, to evaluate 
projects with a range of such variables as 
classes of roadways, traffic volumes, types of 
countermeasures, pavements used. and other 
pertinent factors. On hazard elimination 
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projects, these data should be correlated with 
accidents and traffic exposure and other 
pertinent factors in before/after analysis. See 
reference 2 in Appendix c. 

(2) The evaluation of completed safety projects 
should be a continuing process to ascertain the 
long-term performance of corrective actions such 
as skid resistant overlays. The evaluations 
should address at least: 

(a) the overall effectiyeness of the program in 
reducing accident rates at the corrected 
sites, 

(b) the adequacy of the various materials, 
designs, or methods used, and 

(c) recommendations for changes in the program, 
practices, or needed research and 
development. 

(3) As a secondary benefit, the evaluation process 
should provide input to an overall pavement 
management process. 

6. PAVEMENT SKID RESISTANCE TESTING PROGRAM 

a. General Descri tion of Pro ram. The actual testing 
o pavemen ric on prov es asic data for use in 
the three activities introduced in paragraph 3. 
Figure 1 graphically presents the interrelation 
between these activities. The upper portion of 
Figure 1 provides an overview of data to be collected 
to serve the safety, construction, and maintenance 
functions of highway organizations concerned with the 
skidding properties of pavement surfaces. The lower 
portion of Figure 1 indicates the various uses of the 
skid testing data, along with weather and accident 
data. Some of these data are evidence of the 
durability of particular surfaces, while other data 
provide a general overview of the skid resistance 
characteristics of the highway system. 

(1) Skid resistance testing should be organized to 
support the following activities: 

(a) Pavement evaluation studies in which 
measurements of the skid resistance of test 
sections are made to determine the skid 
characteristics of typical mix designs. 
Sufficient numbers of measurements should be 
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MODEL SKID ACCIDENT RE~UCTION PLAN 

Select Sites Representing 
New and Typical Design ~1xes 

Calibrate Skid Testtr _.,. 
at Test Center 

Co 11 ect Auxiliary Pavement ( 
Dita as Needed 

Evaluate New and Typical 
Pavement Mixes 

~ Establish Performance 
of Mixes 

I 

Provide Feedback to 
Desfgn, Operations. and 
Research 

• ADT: Average Da11y Trafftc 
**3R: Resurfacing, Restoratton 

and Rehab111tatton 

Identify and List High Wet Develop Representative 
Weather Accident Sites Sampling Plan with 

Stratification by Highway 
Tyoe, Area and ADT*. 

Develop Wet and Dry 
Pavement Times for 
Highway Location 
Sample 

' I Ana1yze Wet Pavement I 
Accident "ates I . 
Collect Skid Resistanct List Selected Sites in 
Datil Samplt 

Prepare Skid Number 
Distribution by Highway 
Type, Area, and ADT for 
Representative Sample 

Prepare L1sting of Hazard-
ous Sites by Priority Order 

tor.duct oat-Effectiveness 
Analysis of Treatments for 
H1oh Priorftv Sites 

Schedule Highway Projects 
for Resurfacing and Other 
Remedial Treatments 
(within Constraints of 
funds) 

Implement Projects in 
Coordination with Safety 
Improvements. 3R** Pavement 
Management, Maintenance. and 
Other Applicable Programs 

Prepare Annual Report on Prepare Next Year's 
Program Jmp1e~ntat1on Test and Sample Plans 
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made to determine the level of pavement 
friction, wear rates, and speed gradient of 
the pavement under various traffic 
exposures. These test sections should 
include the new projects to be tested as 
described in paragraph 4b(4). 

(b) Evaluation of friction characteristics at 
locations which have a high incidence of wet 
weather accidents. 

(c) System status for which measurements of the 
skid resistance of a representative sample 
of roads are made to develop the general 
levels of pavement friction on all roads in 
the highway agency's jurisdiction. 

(2) Accurate location of sites or road sections 
requires the use of a standardized reference 
system. Often each element of the State which 
collects highway data uses its own reference 
system. For example, police accident reports 
may locate accidents by distance to a landmark, 
pavement records may be kept by project number 
and geometric features may be identified by 
station. A unified reference system has many 
benefits, especially in pulling together 
technical data for identifying and analyzing 
locations with a high incidence of vet weather 
accidents. 

(3) Pavement evaluation study sites and vet weather 
accident sites should be identified by the 
element within the highway agency responsible 
for those programs. The skid testing can then 
become a routine matter tor the element charged 
with operation of the skid test equipment. 

(4) A total skid inventory of all roads and streets 
in a highway system has proven to be impractical 
and is not necessary to carry out an effective 
skid accident reduction program. Roads and 
streets which are used primarily by vehicles 
traveling at low speeds are not highly 
susceptible to skid accid.ents and accordingly 
can be eliminated from routine sampling of 
highway sites. For urban areas, this means that 
most city arterials would be sampled but 
residential streets and roadways with low speed 
limits would not. Nearly all rural highway 
sections could be sampled, since such roads are 
liable to high-speed use. 
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.(5) Another practical consideration in determining 
which roads should be sampled is traffic volume. 
In urban areas, most roads with high speeds have 
moderate to high traffic volumes whereas this is 
not the case for rural highways. Relatively few 
rural roads are used by more than 1 ,000 vehicles 
per day. On a cost-effectiveness basis, such 
roads can seldom justify resurfacing on the basis 
of safety considerations alone; therefore there 
is little benefit in routine sampling of 
low-volume rural roads. 

(6) Highway sections within the constraints of higher 
speeds and volumes need not be tested every year; 
since few roads vary substantially in skid 
resistance in any two or three-year period. 
Beyond this period, however, roads may lose 
significant skid resistance and may pose a 
serious danger to users. Using these criteria as 
part of a sampling plan will permit most if not 
all highway agencies to make maximum use of skid 
resistance data without increasing the amount of 
skid testing undertaken. 

(7) Skid resistance measurements should be made with 
a calibrated locked-wheel skid tester using the 
ASTM E 274 method and supplemental procedures 
described in Appendix B or an acceptable 
alternative method. Locations such as 
intersections and sharp curves which are not 
easily measured with the locked-wheel skid tester 
at the standard speed of 40 miles per hour should 
be tested at a lower speed. Such tests should be 
supplemented with texture measurements to permit 
extrapolation of available skid resistance to 
operating speeds. Alternative methods of 
measuring pavement friction properties may be 
used provided they correlate well with the 
locked-wheel skid teeter. 

(8) In analyzing the skid numbers obtained, the time 
of year the measurements were taken has to be 
considered. Several States have published the 
results of their analyses and have developed 
methods for correcting skid number measurements 
taken during various periods and for different 
pavement surface types. See references 5 and 6 
in Appendix c. 
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b. 

c. 

R. D. Mor 

S~ecific Data From Sample Sites. In conjunction with 
e id resistance measurements, pavement vet time and 
accident records are desirable for each roadway 
section in the sample. The highway location system 
should be used for correlating data from different 
sources. An example of specific data which is 
desirable at each sample site is given in Appendix D. 

Sites With Low Skid Resistance. When sites with low 
skid resistance are Identified during the testing of 
system status, these sites should be analyzed for 
corrective action. Thie can be done through a 
pavement management program, a high hazard elimination 
program, or other efforts. If the high hazard 
elimination program is used, the analysis should be in 
accordance with PHPM 8-2-3. 

Associate Administrator for 
Engineering and Traffic Operations 

Administrator for 

Appendixes 
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EVALUATION OF WE~ PAVEMENT TIME AND ACCIDENT DATA 

A.1 The quantity of rainfall (inches) recorded by weather 
stations may be used to calculate the ~ercentage of 
pavement wet time. Wet pavement time (WPT) may be 
estimated from total annual .rainfall in inches (AR) as 
follows:* 

WPT = 3.45 ln (AR) - 5.07 

Dry pavement time may be estimated by subtracting the 
amount of wet time and ice and snow periods from the 
total time in the period analyzed. Data from rainfall 
stations maintained by the National Oceanic and 
Atmospheric Administration's Weather Service may be used 
!or wet and dry pavement time estimates for various areas 
within a State. 

lsohyetal maps may be used to develop site wet pavement 
times. If ice and snow cover pavements for a significant 
portion of the time, a map for dry time should be 
prepared as well. Figure A-1 provides an example of a 
wet time map drawn from isohyetal charts. 

A.2 Wet Safety Factor (WSF) 

There are a number of ways .to evaluate the relative safety 
of the subject locationt one of which is the wet safety 
factor (WSF) approach.** For each wet weather accident 
location, a WSF may be developed. This factor is 
expressed as follows: 

WSF = (DA)(PWT)/(WA){PDT) 

where: DA = number of dry weather accidents 
WA = number of wet weather accidents 

PDT = percent of dry pavement time 
PWT = percent of wet pavement time 

* This equation is based on a relationship developed by 
K.D. Hankins in "The Use of Rainfall Characteristics in 
Developing Methods for Reducing Wet Weather Accidents in 
Texas," Texas State Department of Highways and Public 
Transportation Study No. ~35-4, July 1975. 

•• The WSF is a generalized forrn of an index r~ferred t? as 
the "skid trap ratio" and recommended for use in }~CHJ.-.P 
Rdport 37, Tentative Skid-Resistance Req~ir~ments !~r ~ai~ 
Rural HiBhways," by H. W. Kummer and W. E. Mey":!r, Highway 
Research Board, Washington, D.C., 1967. 
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This factor is the reciprocal of the risk of having a ~et 
pavement accident relative to having a dry pavement 
accident. On a specific roadway section, each of these 
variables must be developed for the same tioe period; 
otherwise, traffic exposure must be taken into account. 
Criteria may be developed for further consideration of 
pavement sections. A WSF less than 0.67 suggests a wet 
weather problem. This criteria is based upon the 
conservative estimate of the overall likelihood of a wet 
weather accident being 1 1/2 as great as a dry pavement 
accident. This estimate assumes that wet weather 
accidents at the site or road section under consideration 
are attributable entirely to a skidding problem. A low 
WSF in most cases is due to poor skid resistance. 
However, traffic engineering evaluations may reveal 
deficiencies in sight distance, road markings, inadequate 
drainage, etc. Auxiliary information obtained during the 
test program should provide indications o·f. the safety 
problems. 
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SKID MEA8URE:1BN'.:' ;3YSTB!fi lJE;;CHIPTION AND OPEP.A':'ING PROC~DUFC·:S 

B.1 DESCRIPTIONS OP S!:ID MEASUREMENT SYSTE"-1 
----~--------- ·- - -- ----·---------· 
The requirements r,f American 3ociety for '::.'estin!s and 
Materials (AST~) E ?14 states "The method utiliz~s ~ 
measurement re::>:"'e~:t~.1ting the steady state fric~ion :orce 
on a locked t~~;t ..;[, .. :·": as it is dragged over a wetted 
pavement surf1ilce uiHh?'r constant :!.oad anrJ at constant 
Speed while its rnij::ir plane is parallel to it!3 directiO!'"i 
of motion and p>?"."'p~'nd lcular to the p/;;l.ve=nerit. '' 

Al though this :;})>-:Ci ficntion may be met by a syst~!n 
involving only orv· wlu~el attached to a tov:in~ v·~hicle ·;~~d 
although u few nu~h eystemR are in use, th~ vast rr~jority 
of skid mea3ur~ment systems in u~e and expe~ted to t~ in 
use in the near fut.Hre consist of a towine v~11i·:le ar·.i 
two-wheel t:ru.iler. <Jn r:11.ny systercs either wlie•.: · rr::-iy ~>: 
locked during testing, but most ~ommonly, th.-· -~.>:!''!: .i.: 
used. 

The ASTM considera te;.>ting the left W'heel trar.:f. ~.") b.:: 
"normal." However, a differential in friction ~a~~ls 
hetw~en the lef't and !' igh t wheel trJ:1.ck may ex i :-·:.. W~en 
testing a site where u differential m~y ~XiHt, ~~p~clally 
a high W·:>t w~a ther ace id r::nt site, all lan~f3 s::tnri w'·i< ·~ l 
tracks should be tAsted. If a two-wheel treil~r sy~t@~ 
is used, jt is desirable ~o have the ~a?abilit~ oi 
testing with either wheel. 

A skid measurement system must have a transli.uc·~: 
associated with each ~est wheel which sen~es u f :P~~ 
equal or dir~ctly related to the force developed ~e~~~en 
tht: sliding wheel and the pavement durin6 t-;>~t, 
electronic slp,nal conditioning equip!Tlent to r ?•'t:~v>: th'= 
tranr:ducer output signal an<! modify it as 1·e41irec, ~"'!·1.j 
suitable analog and/or di~ital readout equi1~e~: t.1 
recorJ either the magnitude of the deveJopt:>t1 :·,_,r.;~ .)!" the 
c~ilculated value of the r1!sul ting skid. nu:o:..i~r ( :;;.; :1

• 

The system must includP. a facility for the tr~t:!.:.;f.·Jr"; of a 
;,·.1;1ply of wat~r--u::rn~.~11y ?.00 to 500 ga:lom1--m1c! t.~1~ 
rw,!e:.rnary a.pparatu~; t.cJ •l•·liver a specifi~d amonn~. o!' 
w<.i.ter--4.0 gallrms per rrinut~ per wetLer! ir1·'!l1 uf !'·""'"'e:ne!'lt 
~.t 40 miles per hour wi t!1i n specified l i:ni :s in :f:)llt of 
th~ t~st whee). 

r'inH.11~-. 1,ht> ;l,i' ! .. -.,. 11:~w1. in<:l1J.:in prov1:-nr>n f,ir mear;ur .. ng 
(and pr~fcr;ibl.v !'.ir· rv1:·1rdine) th;~ :;pP. .. d :·.t. w'hir!h t~.-; 
1. ~Gt i l:3 C 0 ntl I~ t ~ t r! d . 
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b.2 FIELD OPERATING PROCEDURES 

B.2.1 Field Force Verification - -
It is generally impractical to perform force plate 
cali1rations at frequent intervals while the 
measurement system is in the field. Facilities should, 
however, be available to permit the operator to 
ascertain that significant changes have not occurred in 
the force measurement subsystem since the most recent 
force plate ~alibration. 

If the measurement system uses a torque transducer and 
is adaptable to mounting a torque arm, the verification 
can be accomplished within a reasonable time and 
effort. This device, consisting of an arm capable of 
being bolted to the test wheel in a horizontal position 
and of supporting known weights located at specified 
distances from the center of the test wheel, may be 
used to test the torque transducer to predeter~ined 
values of torque. Typically, the test wheel of the 
inventory system is raised off the ground, the torque 
arm is attached to the test wheel and held in a 
horizontal position, the brake of test wheel locked, 
and a series of known weights are suspended on the 
torque arm. This procedure will induce a series of 
known strains on the transducer, resulting in a series 
of output signals through ·the signal conditioning 
equipment. The magnitude of these signals should then 
be compared to the magnitude of signals produced 
through use of the same technique immediately after the 
most recent force plate calibration. Adjustment of 
signal conditioning equipment gain setting may be wade 
to offset small force measurement su'Lsystem variatic.,1s 
which could occur. 

Verification should ~e repeated periodically. 

:B.2.2 Test Tire and 'Wheel Preparation, Gontrol of 
Tire T:res8ure --

Tire Speci~~catiOJ! 

Unless o~herwise specified, al1 tests ehall be 
performed W'i th ti re b r:ieet irig the requirements of A8'.:f.1 
E 501, Standard Tire for P~vement Skid Resistance Tests, 
and all pertinent sections of that specification as 
well as ASTM E 274 should be observed in their use. 
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Ti re Mounting and Break-in Procedur'e 

The tire should be mounted on a Tire and Rim 
Association 6JJ rim. The rim should have been exami.ried to 
determine that it has suffered no damage or 
misalignment in prior use. After mounting, and before 
break-in, the tire and wheel should be balanced. The 
tire should be subjected to a break-in of 200 miles use 
before being used for testing. This break-in may be 
accomplished by using the tire on the skid trailer 
wheel which is not used for testing. If the tire must 
be remounted before test use, it should be rebalanced 
after remounting. 

Tire Warm-Up Procedure 

The test tire should be inflated to 24 + 0.5 pounds per 
square inch measured at ambient temperature. After 
tire pressure measurement and adjustment, the tire 
should be subjected to a 5-mile warm up, travelling at 
conventional highway speeds, before tests are 
performed. The 5-mile warm-up should be repeated on 
any occasion when the measurement system is parked for 
a period of 15 minutes or more. 

Tire Wear and Replacement Procedure 

The standard pavement test tire has a series of visual 
wear guide sipes (small circular holes) cast into each 
of the outer ribs of the tire. The test tire should be 
withdrawn from testing use when wear has progressed to 
a point at which the wear guide sipes are no longer 
visible. During routine testing, test tires should be 
examined at le~st twice daily (and more frequently a.s 
tire nears unacceptable wear level) to determine t~at 
wear has not progressed beyond acceptable limits. 

Additionally, after any series of tests on pav~ments 
having very high skid numbers (in excess of SN=70) or 
in the event of a deliberate or inadvertent dry skid, 
the test tire should be examinea for the development of 
a flat spot. If a significant flat spot or spots 
develop on a test tire, it should be withdrawn from 
test use due to the tendency of the test wheel to seek 
out and return to such a flat spot in subsequent 
lockups. 
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B.2.3 Waterin~~~system Procedures 

Dai Procedures 

Prior to the beginning of each day's activity, the crew 
should perform at least the following functions with 
respect to the water subsystem: 

1. Determine that the water nozzle (nozzles) when in the 
testing position assumes the proper angle with 
respect to the pavement (ASTM E 274 requires an angle 
of 25 + 5 degrees). 

2. If the measurement system has provision for raising 
and lowering the nozzle between tests, determine 
that the mechanis~ is working properly and that the 
nozzle assumes a fully lowered position during the 
test sequence. 

3. Determine that the nozzle, when in the t~st 
position, will discharge water directly in front of 
and centered on the test wheel. 

4. Examine the nozzle outlet orifice to deterrnine t:iat 
it is free from damage or distortion. 

The above inspections should be repeated during a day's 
testing in the event of operation on very rough 
highways (or in the event of any off-highway travel) 
which may have caused damage to the nozzle or adversely 
affected its orientation. 

Water Trace Width Check 

Periodically the crew should make a measurement of the 
water trace width as a gross measure of overall water 
subsystem performance. This may be accomplished by 
driving the measurement system over a pavement at a 
selected convenient speed (the same speed should be 
used on all occasions), initiating water flow without 
locking the test wheel brakes, and measuring the width 
of the resulting water trace on the pavement. The 
trace width measure~ent should be made as quickly as 
possible after passage of the inventory system 
(preferably within 30 seconds). This would require 
that one member of the crew drive and operate the 
measurement system while the other member is positioned 
off the side of the pavement at the location at which 
the measurement ls to be made. Best results are 
achieved if this procedure is performed on a relativ~ly 
smooth pavement surface (low macrotexture). 
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E.2.4 Instru~entation Calibration Verification 

Provision should be made to allow for verification of 
the signal conditioning instrumentation calibration (to 
account for the effects of zero and gain drifts). 

Ge~~nl Requirements f~r Calibration Signal 

The minimum acceptable facility for verification of 
conditioning instrumentation is a calibration signal 
subsystem. The calibration signal should be provided 
from such a source and in such a manner that there is 
little likelihood of variation in the calibration 
signal itself. This assurance then permits the 
operator to make adjustments in the measurement 
subsystem gain to offset the frequent small deviations 
which occur due to changes in ambient temperature and 
other operating parameters. 

Force Measurement Calibration Signal 

The most straightforward technique for providing a 
force measurement calibration signal is to make 
provisions for switching a hiBh quality shunting 
resistor of known value in parallel with one arm of the 
force transducer strain gauge bridge. This induces an 
imbalance in the bridge equivalent to the application 
of a knovn force to the transducer. The resultant 
signal is sufficient to verify, or provide means of 
adjustment for, all elements of the force measurement 
system forward of the transducer itself. 

Frequency of Use 

Instrumentation calibration verification through use of 
calibration signals should be accomplished at the 
beginning of each day's operation .after equipment war~ 
up, at intervals of no more than 2 hours when the system 
is in continuous use, and upon the renewal of operation 
throughout the day after any period during which the 
signal conditioning equip~ent has been turned off or 
the unit has been allowed to stand without use for 30 
minutes or more. 

B.2.5 Check List 

A check list should be available to the crew and should 
be used prior to the beginning of daily operations and 
on any occasion during the day when testing is 
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suspended for 30 minutes or more or when 
instrumentation has been turned off. The check list 
varies from system to system due to differences between 
the systems, but should provide for at least the 
following checks: 

1. all power subsystems on and providing proper 
levels of power 

2. all signal conditioning subsystems on for adequate 
time to reach stable operation (typically 10 to 30 
minutes) 

3. all recording systems on and functioning properly 

4. instrument calibration (described above) performed 

5. tire pressure checked and adjusted if necessary 

6. test tire checked for wear 

1. water nozzles checked for position and condition 

8. water tank adequately filled 

9. fuel supply adequate 

10. safety chains and all other connections between 
trailer and towing vehicle properly connected, 
positioned, and protected if necessary 

11. trailer jacks (if available) in retracted position 

12. all auxiliary equipment (air-compressors, lights, 
etc.) functioning properly 

B.3 USE OF STATIC AND DYNAMIC CALIBRATION PROCEDURES 

B.3.1 Purpose of Field Test Center 

At the present time the highest order of calibration 
and evaluation available for a State skid measurement 
system is that provided through the Field Test Center 
established under contract by the Federal Highway 
Administration (FHWA). Arrangements to receive the 
services of the Field Test Center may be initiated by a 
State through submittal of a request for such services 
to the local FHWA division offi9e. 
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B.3.2 Criteria for When to Use the Field Te Center 

Each measurement system should be submitted for 
calibration and evaluation at the Center as soon as 
possible after its introduction into service. It 
should be resubmitted for calibration and evaluation 
whenever: 

1. significant repair or modification has been 
accomplished by the owning agency which might 
reasonably be expected to affect test results, or 

2. whenever it has experienced sufficient use such 
that normal wear in the various subsystems might be 
expected to have affected their operation. 

The second consideration suggests that each measurement 
system should be resubmitted at least every 2 years. 

E.;.3 Calibration Services Provided by Field Test Center 

The stat1c and dynamic calibration services provided by 
the Field Test Center include the following: 

l. Horizontal and Vertical Force Calibration. This 
pro-Vf<f"es for evaluation of the accuracy, linearity 
and hysteresis of the measurement system force 
transducers and signal conditioning equipment 
through use of an air bearing force plate 
maintained by the Center, and periodically 
calibrated by th~ National Bureau of Standards. 

2. Flow Rate Evaluation and A1justment if Required. 
This fnciudes determination that the water delfvery 
subsystem of the measurement system provides a 
quantity of water (dependent upon trace width) in 
front of the test tire which meets A3TM E 274 
requirements at speeds between 20 and 60 miles per 
hour. 

3. Static Evaluation of Water Distribution. Thia 
provides an -evaluation of the.uniformity with which 
the total water flow is distributed across the 
trace width and a~justment, if necessary, to assure 
that the water is in fact delivered uniformly and 
in line with the test tire. 
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4. Force Plate or Load Cells. The visitors force 
plate us-edf'or routine-Checks of the force 
measurement subsystem can be calibrated while at 
the Center. 

5. ~eed_~~l_~~~~ia~. ~he speed measurement (and 
recorning if available) subsystem is evaluated, 
calibrated and, where necessary and possible, 
adjusted to produce accurate speed measurement 
values over the range of 20 to 60 miles per h.Jur. 

6. Tire Pressure Gauge Calibration. ~his provides 
assuran_c_e-that firepressures i"n the test wheels 
and in the speedmeasuring fifth wheel (if used) can 
be accurately measured and set. 

7. Dynamic Correlation. Two such correlations are 
CO-n-Ouctea: The-f'f'rst with the measurement system 
in the "as arrived" condition and the second after 
all of the foregoing evaluations have been 
conducted and indicated adjustments accomplished. 
The first correlation results in the development of 
mathematical relationships between the measurement 
system and the Area Reference Skid Measurement 
System that permit data collected by the 
measurement system, prior to its visit to the 
Center, to be adjusted to a common base provided by 
the use of the Area Reference System. ~he second 
correlation permits the development of similar 
relationships which may be used to relate the 
results of sub~equent testing to the Area Reference 
System base. The data from the second correlation 
also provide an estimate of the system measurement 
variance. 

B.4 MAINTAINING SYSTEM INT~0HITY BETWEEN FIELD TEST CE~TER 
-n:;1 BRATror:rn-- - -··-- -·- - --- -·---·- --- ----·----

Two basic types of proc.:!dures are available for 
determining that si3nj f i1~ant changes have not occ'J.rred in 
the measurement system 8Lnce its most recent evaluati0n 
and calibration at the ~enter. 7hese involve techniques 
for evaluatine important sub:3ystefll performance 13.nd 
techniques fur eval11ating performance of the total 
system. 
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B.4.1 Techniques to Evaluate Subsystem Performance 

As a minimum, the owner of each measurement system 
should maintain and periodically make use of facilities 
for evaluating the force, water, and speed measurement 
subsystem of the inventory system. 

Evaluation of Force Subsystem 

The force subsystem should be evaluated through use of 
a fo~ce plate. An air-bearing force plate is 
recommended since its action is such as to essentially 
eliminate the effect of friction in the plate itself. 
If an air-bearing force plate is not available, any of 
several commercial mechanical force plates may be used. 
If a mechanical device is used, precautions should be 
taken to assure that all moving parts (particularly 
load application screws and spherical or roller 
bearings) are well lubricated and that the lubricant is 
periodically removed and replaced. 

To conduct an evaluation, the test wheel of the 
measurement system should be centered on the force 
plate, the test wheel brake locked, and known 
frictional forces introduced to the tire-force plate 
interface through appropriate motion of the force 

. plate. Frictional forces ·should be both increased and 
decreased in a stepwise manner to allow for detection 
of possible hysteresis effects. The indicated force 
readout values for the system should then be plotted 
against known force input values. The resulting 
plotted calibration line should be evaluated for 
nonlinearity and hysteresis characteristics. Al~o 
actual readout values for known force inputs should be 
compared with those readout values determined from 
tests conducted with the same equipment after th~ most 
recent Center evaluation. 

Evaluation of Water Subsystem 

The most effective evaluation of the water subsystem to 
discern variations in performance is that of flow. 
Flow rate may be evaluated by raising the rear wheels 
of the towing vehicle, running the vehicle at an 
indicated speed of 40 miles per hour (or any other 
desired speed), collecting the water pumped through the 
system and out the nozzle durin~ a measured time 
period, and calculating the flow rate in gallons. This 
procedure should be repeated at two or more spEeds to 
evaluate li~earity of the water delivery subsystem wit~ 
test speed. 
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The Pennsylvania State University has developed a water 
rate flow tank which is circular in cross section and 
of such size that it fits easily into a standard 
manhole. The tank has a threaded opening in the bo~tom 
for drainage and a stop-plug with a long handle which 
permi~s the plug to be removed and replaced from the 
top of the tank after it is hanging in the manhole. It 
also has a scale calibrated in gallons on the inside of 
the tank. This tank may be suspended in a standard 
manhole, the measurement system positioned so that the 
nozzle will discharge directly into the tank, the rear 
wheel of the towing vehicle raised, and total flow 
measured at any desired speed. The only additional 
equipment required is a stopwatch. 

Evaluation of Speed Measurement Subelst~ 

The speed measurement subsystem should be evaluated by 
operating the measurement system at various test speeds 
over a measured mile course. If the basic speed 
measure is done through the use of the tow vehicle 
speedometer or through a tachometer-generator driven by 
the tow vehicle or by a fifth wheel, then the vehicle 
should be driven over the measured mile course at a 
selected speed and the time of transit measured with a 
stopwatch. The actual speed, calculated .from the 
distance and the elapsed time, is then compared to the 
indicated speed. 

If speed measurement is based i1pon a pulse generator 
driven by a fifth wheel, the a.1!curacy of the speed 
measurement is directly depend•mt upon the accuracy of 
the fifth wheel for distance m~asurement. To evaluate 
this subsystem, the fifth wheel tire pressure is 
adjusted until the distance indicated agrees with the 
known distance traversed (the ~ssumption being made 
here is that the electronic package which converts the 
pulses to velocity is functioning properly). 

If tapeswitch event detectors, placed 200 feet apart, 
and an interval timer (+0.01 second resolution) are 
available to measure the time required by the inventory 
system to travel 200 feet, a very accurate speed 
measurement is obtained to check against the indicated 
value. 

Time ~etween Subsystem Evaluations 

The force, water and speed measurement subsystems of 
the measurement syst~m should be checked by the methods 
described above at intervals no greater than 3 montha. 
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B.4.2 Techniques to Evaluate Total System Performance 

Use of Measurement System Sample Variance as 
Performance lfeasure 

A portion of the information furnished, as a result of 
an evaluation at the Center, is the pooled sample 
standard deviation of the measurement system for 
repeated test at three test speeds on five special test 
surfaces. If the sample standard deviation at th~ 
desired speed is squared, the resulting value, SDt is 
an estimate of the skid measurement system variance. 
Subsequent to the Center evaluation, the crew should 
periodically select a pavement location having a skid 
number of approximately 30 to 40 and run 20 repeat 
tests at the desired speed over the same location. 
Fr~m the results of these latter tests, ~ ne~ estimate, 
SD-~, can be calculated. If _the ratio SDE/~Dt does 
no~ exceed 2.0, the chances are 19 in 20 that the 
system standard deviation has not doubled over that 
established during its visit to the Center. (If the 
syste~ h~s not been to a Center to obtain an esti~ate 
of SDt' its crew should select a pavement location 
having a skid number of approximately 30 to 40, run 
repeat tests at each desired speed over the same 
location, and calculate the sample standard deviation 
at each such speed.) 

As an alternative, the above procedure could be 
performed making only 10 repeat tests on2the2selected 
pavement. In this case, the ratio of SDE/SDt should 
not exceed 2.2 The chances are then fou~ in five that 
the system standard deviation has not doubled over that 
previously established. 

The above procedure should be performed at time 
intervals no greater than 3 months. 

Short Term Checks of System Performance 

The ar.ency operating the measurement system should 
select several pavements located close to the site at 
which the system is normally garaged and perform 
repeated tests on the surfaces at quite frequent 
intervals, preferably weekly. Measured values of skid 
resistance on these surfaces will obviously change as 
the surfaces change from traffic wear, environmental, 
and/or seasonal variations. However, these changes 

8.3.29 

Arch
ive

d



t'Ml'A l.CU"1N1 LJ\.L Al.JV l::>UKl' J !>U'JU. i I 
JA:?ocember 23, 1980 
Appendix B 

should occur in an orderly and predictable fashion and 
any abrupt change would be an indication of possible 
erratic performance of the measurement system. A 
continually updated re~ord of the results of such tests 
should be maintained and examined after each updating 
for evidence of such erratic performance. 
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The following is a selected list of references which may be 
helpful in implementing the program described in this 
Technical Advisory. This list is not intended to be a 
bibliography of all documents available in this field: 

*1. Effectiveness of Alternative Skid Reduction Measures, 
Benefit Cost Model, Report No. FHWA-RD-79-12, Volume II, 
November 1978, Federal Highway Administration. 

*2. Accident Research Manual, FHWA-RD-80-016, February 1980, 
Federal Highway Administration. 

*3. Evaluation of Minor Improvements (Part 8), Grooved 
Pavement (Supplemental Report) CA-DOT-TR-2152-11-75-01, 
September 1975, R. N. Smith and L. E. Elliott, Office of 
Traffic, California Department of Transportation. 

4. Evaluation of Minor Improvements (Part 9), Open Graded 
Asphalt Concrete Overlays, January 1972, James I. Karr, 
Office of Traffic, California Department of 
Transportation. 

5. Variations in Skid Resistance Over Time, FHW'A-VA-80-33, 
February 1980, S. N. Runkle, David c. Mahone, Virginia 
Highways and Transportation Research Council. 

6. Seasonal Variations in the Skid Resistance Pavements in 
Kentucky, Research Report 5,2, November 1979, James L. 
l3urchett, Roland L. Rizenbergs, Kentucky Department of 
Transportation. 

* These studies are available through the National Technical 
Information Service, 5285 Port Royal Road, Springfield, 
Virginia 22161 
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SPECIFIC DATA TO BE REPORTED FOR SAMPLE SITES 

The following data should be collected in testing sample 
locations: 

D.1 Skid numbers (SN) should be taken for major classes of 
roads stratified by traffic volume and geographical 
location. 

D.2 Auxiliary data which should be included in order to 
establish distribution of skid numbers may include the 
following: 

(a) 

(b) 

( c) 

(d) 

( e) 

(f) 

(g) 

( h) 

( i) 

{j) 

(k) 

( l) 

(m) 

Location of site or roadway section 

Responsible jurisdictional unit and route number or 
other designator 

Functional classification of road (e.g., two-lane, 
four-lane divided without full control of access, 
etc.) 

Surface type (e.g., bituminous, open-graded, 
concrete, tine finish, etc.) 

Average annual daily traffic (uee traffic count 
data if available) 

Length of roadway section 

Lane where skid measurements are made 

Date of skid measurements 

Number of tests made in section 

Average SN 

Range of SN measurements 

Presence of atypical geometric or feature 

Evidence of skidding (e.g., skid marks, scarred 
posts, etc.} 
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SUBJECT FHWA TECHNICAL ADVISORY 

Texturing and Skid Resistance of T 5140.10 
Concrete Pavements and Bridge Decks September 18, 1979 

Par. 1. Purpose 
Z. Cancellation 
3. Background 
4. Recommendations 

1. PURPOSE. To issue guidance for providing an adequate 
level of wet pavement skid resistance on portland cement 
concrete (PCCJ pavement surfaces and plain or latex 
modified concrete bridge deck surfaces. 

2. CANCELLATION. This issuance supersedes FHWA 
Notice NSQS0.59 dated September 10, 1976, "Texturing 
of Concrete Pavements and Bridge Decks." 

3. BACKGROUND 

a. If a pavement or bridge deck surface is to provide 
adequate skid resistance for high speed traffic, 
two important, and to some extent independent, 
requirements must be satisfied. First, the pavement 
surface must provide for adequate adhesion between 
the tire and the pavement under wet weather conditions. 
Second, the pavement surf ace must provide sufficient 
surface texture and drainage potential to prevent 
the buildup of water pressure at the tire-pavement 
interface. On PCC riding surfaces, this drainage 
potential can, be provided initially by the texturing 
of the concrete surface. The adhesion component 
of skid resistance is dependent on the wear and 
polish resistance characteristics of the aggregates. 

b. A concrete finishing procedure that will provide 
an adequate and durable skid resistant surface 
texture is needed on all pavement and bridge deck 
surfaces. 

c. While a skid resistant surface texture is needed 

DISTRIBUTION: 

on all pavement surfaces, the need may be especially 
critical on bridge decks because of the limited 
recovery area available to out-of-control vehicles. 

H-\\I(EO/EV/HI/HS/OA/PL/PR/RD)-3 
H-DM-4 
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4. RECOMMENDATIONS 

a. A burlap drag finish should not be used as the 
sole means of providing surface texture on projects 
with design speeds of 40 miles per hour (65 km 
per hour) or greater. 

b. A broom or artificial grass drag finish, while 
often producing good initial surface texture, may 
not be durable unless a deep texture is produced 
by heavy bristles and high pressures. When a 
broom, artificial grass drag, or similar finish 
is specified for use on projects with design 
speeds of 40 miles per hour (65 km per hour) 
or greater, specifications that will insure a deep, 
durable texture must be used. Also, it should be 
conclusively demonstrated that safe, durable surfaces 
can be consistently produced by finishes before 
they are utilized extensively on high speed highways. 

c. Metal tines, when preceded by a burlap or other 
type of drag finish, are recommended as being the 
most practical and dependable method of providing 
positive texture in PCC surfaces. The use of other 
procedures and equipment that will provide a similar 
grooved pavement surface is also encouraged. An 
Attachment to this advisory provides a summary of 
some of the more important research findings and 
recommendations relative to the texturing of PCC 
pavement surfaces. 

d. The use of a deep surface texture on bridge decks 
may warrant increased concrete cover over the top 
layer of reinforcement steel beyond the 2.5 inches 
(63mm) required for minimum design cover and 
construction tolerance. · The use of heavy trans­
verse textures may also increase the concentration 
of deicing salts along the curb line unless proper 
provisions are made to drain these areas. The 
last 12 inches (300mm) of deck next to the curb 
should be left untextured to facilitate drainage. 

e. Special techniques may be required in order to 
produce a durable grooved finish on latex modified 
and other low water-cement ratio bridge deck 
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surfaces. The use of flexible tines on such 
surf aces frequently fails to produce a groove 
depth sufficient for reasonable durability. In 
at least one State, satisfactory grooves have been 
produced in these dense surf aces through the use 
of a roller consisting of sharpened flat washers 
welded at intervals onto the outside of a weighted 
section of pipe. Other techniques may also prove 
to be successful. As is the case with pavement 
surfaces, it is normally desirable that the plastic 
grooving application be preceded by a burlap or 
other drag finish or a light broom finish. 

f. Regardless of the finishing or texturing method 
used, adequate durable skid resistance charac­
teristics cannot be attained unless the fine 
aggregate has suitable wear and polish resistance 
characteristics. Research conducted by the Portland 
Cement Association indicates that the siliceous 
particle content of the fine aggregate should not 
be less than ZS percent. If past experience 
indicates that the coarse aggregates will be exposed 
by surface wear and have a significant effect on 
the skid resistance of the pavement, they, too, 
should have suitable polish resistance characteris­
tics. Crushed material will normally provide higher 
skid resistance than uncrushed gravels. 

Attachment 

R. D. Mor 
Associate Administrator for 

Engineering and Traffic Operations 
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TEXTURING OF PCC PAVEMENT SURFACES 

1. Transverse grooving will assist in providing a pavement 
surface with good durable pavement skid resistance 
characteristics at high speeds, will reduce splash 
and spray and headlight glare from wet roadway 
surfaces, and will continue to facilitate surface 
drainage until the depth of the wheelpath ruts exceeds 
the depth of the grooves. Longitudinal grooving 
assists vehicle control at curves and sites involvjng 
lateral movements. Both types of grooving effectively 
reduce the hydroplaning potential. The longitudinal 
grooving of existing pavements, while not necessarily 
producing an improvement in skid number, has been found 
to be an effective means of reducing accidents at 
sites having high, wet weather accident rates. 

Although longitudinal grooving may be preferable 
under some circumstances, and particularly when dealing 
with existing pavements, transverse grooving is 
considered to be superior to longitudinal grooving 
for general use on new construction because of the 
improved pavement drainage provided. Also, with the 
increased use of smaller, lighter cars and radial 
tires, complaints of vehicle handling problems on 
longitudinal grooved pavements seem to be on the 
increase. 

From the standpoint of compatibility between tire 
tread designs and pavement texture, it is desirable 
that, to the extent practical, longitudinal grooving 
patterns be standardized. The use of 0.095-inch 
{Z.4mm) wide grooves spaced on 3/4-inch (19mm) centers 
is recommended. There is insufficient information 
available on which to base recommendations regarding 
the optimum texture for a milled PCC pavement riding 
surface. Some extremely harsh milled surfaces may 
be unacceptable for use as a riding surface. 

2. The use of tines 0.03 inches (0.8mm) thick, 0.08 inches 
(2.0mm) wide and 4 to 6 inches (100 to 150mm) in length 
has resulted in good, durable surfaces when the grooves 
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were constructed to the maximum depth practical. This 
maximum practical depth, which will vary depending on 
the concrete mix design and other factors, is normally 
in the 1/8-inch (3mm) to 3/16-inch (Smm) range. Average 
transverse groove spacings of approximately 1/2 to 
3/4 inch (13-20mm) are recommended. Groove spacings 
of less than 1/2 inch (13mm) may not have adequate 
durability. An increase in average groove spacing beyond 
3/4 inch (20mm) cannot be expected to increase durability 
by a significant amount and· may lead to noise problems. 
Relatively uniform groove spacings of 1 inch and 1 1/2 
inches (ZS and 38mm) have in some instances been considered 
unacceptable because of the concentration of tire-pavement 
noise into an objectionable frequency band. Experience 
with average groove spacings exceeding 1 1/2 inches 
(38mm) is too limited to facilitate the drawing of any 
conclusions. The use of wider, deeper grooves can be 
expected to increase the absolute noise level by a 
significant amount. Randomization of .the groove spacing, 
which may result to some extent from the flexibility 
of the tines, is considered desirable from the noise 
standpoint. 

3. The optimum length and angle of the tines will be 
dependent on the mix design, the weather, the finishing 
operations, and the stiffness of the tines and may be 
expected to vary somewhat from project to project. 

The timing of the plastic texturing operation is critical. 
If performed too early, the grooves may close back up. 
If performed too late, the groove depth will be reduced. 
The optimum. time for performing the plastic grooving 
operation will be dependent on many variables which 
are subject to rapid fluctuations. 

When a tine finish is utilized, care should be exercised 
to avoid overlaps in the texturing operations. The 
overlaps will result in weak areas which will wear faster 
than the normal texture. For the best initial surface 
texture, a tine finish should be preceded by a burlap 
or artificial grass drag finish. 
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Because of the increased surface area, deeply 
textured surfaces will require a heavier than normal 
applicatio~ of curing compound. 

A tire tread depth gauge may be used to measure groove 
depths both in hardenQ~ and plastic concrete. When 
measuring the depth o~ fresh grooves formed by the 
tining of plastic concrete, it must be recognized that 
an artificially high reading may be obtained that will 
not be representative of the actual groove depths that 
will exist after a few months' exposure to traffic. 
To insure that the tined grooves will be durable and 
effective, it is essential that they be made as deep 
as practical during construction. 
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Technical Advisory 

OPEN GRADED FRICTION COURSES 

Classif1catron Code Date 

T 5040.31 December 26. 1990 

1. PURPOSE. To provide technical guidance on the use of open graded friction 
courses (OGFC), also known as plant mix seal courses, to develop good 
friction characteristics for pavement surfaces. 

2. CANCELLATION. Technical Advisory T 5040.13, Open-Graded Asphalt Friction 
Courses, dated January 11, 1980, is canceled. 

3. BACKGROUND 

a. Open graded friction courses constructed with high quality, polish 
resistant aggregates have an outstanding capacity for providing and 
maintaining good frictional characteristics over the operating range 
of speeds on high speed highways. Their macrotexture facilitates 
drainage of water from the tire/pavement interface, improving tire 
contact with the pavement and reducing the potential for 
hydroplaning. 

b. Open graded friction co.urses have generally provided good performance 
for 7 to 10 years under a range of traffic conditions. When failures 
have occurred, many were resolved by making minor refinements to the 
mix design and construction procedures to adjust for local 
conditions. 

c. When compared to other high type surfaces, open graded friction 
courses have demonstrated the following advantages: 

OISTRIBJTiON 

(1) provide and maintain good high speed, frictional qualities (the 
frictional characteristics are relatively constant over the 
normal range of operating speeds); 

{2} reduce the potential for hydroplaning; 

{3) reduce the amount of splash and spray; 
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(4) 

(S) 

(6) 

are generally quieter, often providing a 3 to 5 decibel 
reduction in tire noise; 

improve the wet weather, night visibility of painted pavement 
markings; and 

conserve high quality, polish resistant aggregates, which may 
be scarce in some areas, because they are placed only as a 
surface layer, up to 3/4 inch thick. 

d. Open graded friction courses exhibit the following limitations: 

{l) 

(2) 

(3) 

(4) 

(5) 

increase the potential for stripping of the surface and 
underlying pavement (they do not seal the underlying pavement 
against moisture intrusion); 

require special snow and ice control methods and generally 
remain icy longer; 

require special patching and rehabilitation techniques; 

do not add structural value to the pavement (their performance 
is governed by the condition of underlying pavement); and 

may ravel and shove when used at intersections, locations with 
heavy turning movements, ramp terminals, curbed sections and 
other adverse geometric locations. 

4. RECOMMENDATIONS. In selecting an OGFC, a number of factors should be 
considered, such as the environmental conditions, alignment, accident rates 
and the frictional properties of the State's standard surface mixes. Some 
locations or pavements may not be appropriate for an OGFC and therefore 
proper project selection must be considered. For an OGFC to perform as 
intended, it must be properly designed, constructed, and maintained. 

a. An OGFC should only be placed on structurally sound pavements that 
have minimal cracks, ruts, bleeding and depressions. Pavement cracks 
are as likely to reflect through an OGFC as with any other thin 
asphalt course. The high air voids content in an OGFC will allow 
water to drain into it and attempt to flow laterally. Ruts in the 
underlying pavement may inhibit lateral flow and cause water to pond 
in the ruts, promoting separation of the OGFC from the underlying 
pavement. An OGFC placed on a bleeding pavement may lose ;ts 
drainage characteristics (close up) due to the migration of the free 
asphalt from the underlying pavement. 
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b. The underlying pavement should be sealed with a 50 percent diluted 
asphalt emulsion, applied at a rate of 0.05 to 0.10 gallons per 
square yard. An OGFC will increase the amount of time that the 
underlying pavement will be wet. If the underlying pavement has a 
high air voids content, stripping potential is increased. 

c. Specifications should require the coarse aggregate to be polish 
resistant and 100 percent crushed material. Carbonate aggregates 
should not be used. Certain slags and light weight aggregates have 
demonstrated satisfactory performance. The frictional qualities of 
an OGFC are affected by the microtexture of the coarse aggregate. It 
is poor practice to construct a premium friction course and then have 
its effectiveness lost due to polishing. 

d. ·An OGFC should be designed in accordance with the mix design 
procedures included as the Attachment to this Technical Advisory. 
The basic steps in this procedure determine asphalt content, mixing 
temperature, air voids, and moisture damage susceptibility. 

(1) An OGFC generally has a higher asphalt content than a dense 
graded mix and uses an equal or harder grade of asphalt. A 
very heavy asphalt film on the aggregate is essential for 
longevity. The film helps to resist stripping and oxidation of 
the asphalt cement. Typical dense graded mixes achieve a 4-6 
micron average film thickness, where as an OGFC requires a 8-11 
micron average film thickness. The OGFC has a black shiny 
appearance and appears to have excessive asphalt when compared 
to a dense graded mix. It is critical that no reduction in 
asphalt content be made based on the appearance of the OGFC. 
Excessive drain down of asphalt in the haul trucks can usually 
be corrected by lowering the mixing temperature or correcting 
deficiencies in the mixing and handling procedures. The 
combined handling and hauling of the mix should be limited to 
40 miles or 1 hour. 

(2} To ensure that a heavy asphalt cement film is actually 
obtained, the mixing temperature should correspond to the 
asphalt viscosity in the range of 700 to 900 centistokes from 
the temperature-viscosity curve for the asphalt cement. Higher 
m;xing temperatures can cause the asphalt cement to flow off 
the aggregate. This may result in some areas of the mat having 
excessive asphalt, others not enough. A range of 2 to 5 
percent minus 200 material in the mix will help achieve a thick 
asphalt cement film. A number of State and local agencies have 
successfully used latex modified asphalt and other additives to 
improve OGFC performance._ 
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(3) 

(4} 

The air voids analysis is not necessarily required for each 
project. However, it should be conducted when developing 
master gradation bands for open graded mixes or when 
considering new aggregate sources. 

An OGFC should be tested for moisture susceptibility because 
its high air voids content increases the potential for 
stripping. The mix should be tested for retained coating 
(AASHTO T 182) and retained strength (modified AASHTO T 165 and 
T 167). If stripping is observed, the mix design must be 
revised. The aggregates may be changed or an asphalt cement 
additive selected. Additional tests should be performed using 
the revised mix design. 

e. One ounce of silicone should be added to every 5000 gallons of 
asphalt cement. This additive will improve mix workability and 
reduce the potential of tearing the mat under the paver screed. It 
also improves mix discharge from the truck beds. 

f. An OGFC is placed as a thin lift and loses heat quickly. An OGFC 
should only be placed when the underlying pavement surface and 
ambient temperature have reached 60• F, otherwise raveling may 
result. Late season placement of an OGFC may prevent adequate curing 
of the asphalt cement and should be discouraged. 

g. An OGFC should be placed full width, from outside edge to outside 
•dge of the shoulders, to provide a cross-section with uniform 
frictional properties. As a minimum, it should extend 3 feet onto 
the shoulder. Do not place dense graded mix or curb and gutter 
adjacent to an OGFC. This will obstruct the lateral flow of water. 

h. Handwork during placement should be minimized to avoid roughening of 
the surface. Rolling of an OGFC should be limited to one or two 
passes of an 8 to 10 ton static steel wheel roller to seat the mix. 
Longitudinal and transverse joints should be kept to a minimum. 
Joints should be butted rather than lapped. 

i. Maintenance on roadways surfaced with an OGFC should avoid any 
activities which may obstruct the lateral flow of water through the 
OGFC. 

(1) Traffic striping may inhibit lateral water flow if the stripe 
material is applied at a heavy rate or an excessive amount of 
reflective beads are used. · 
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{5} 

(6) 

Attachment 
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Snow and ice control should be limited to plowing and chemical 
deicers. The use of sand or other abrasive to improve traction 
must be avoided. 

All crack and joint sealing should be performed prior to 
placing OGFC. When sealing is required on reflective cracks 
through an OGFC, only transverse joints should be sealed. 

Only small dense graded patches which allow for lateral flow of 
water through the OGFC should be considered. When larger areas 
of patching are involved, OGFC should be replaced with OGFC. 

A fog coat can be applied to an OGFC to extend the life of the 
asphalt binder. The fog coat is a SO percent dilution of 
asphalt emulsion applied in two passes at a rate of 0.05 
gallons per square yard for each pass. The use of rejuvenating 
agents should be avoided. 

When any additional overlay is required on the pavement, the 
existing OGFC surface must be removed. 

l - .- ·.·-:....,__ __ _ 
Anthony R. Kane 
Associate Administrator for Program Development 
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OPEN GRADED FRICTION COURSE (OGFC) 
FHWA MIX DESIGN PROCEDURE 

This document combines and updates the design 
procedure found in Federal Highway Administration 
Report No. FHWA-RD-74-2, Appendix A and B and 
Supplements 1 l 2 to the report which were distributed 
by FHWA Bulletin, dated July 11, 1975. The procedure 
has been expanded to consider alternative equipment. 
A suggested laboratory report form is included at the 
end of the design procedure. 

1.0 Material Requirements 

Definitions. The grading terminology used in this design procedure is 
defined as follows: 
Coarse Aggregate Fraction - the aggregate from each source or combined 
job mix formula (JMF), which ever is specified, that is retained on a 
No.8 sieve. · 
Fine Aggregate Fraction • the aggregate from each source or combined 
JMF, which ever is specified, that passes a No.8 sieve. 
Predominant Aggregate Fraction • the aggregate from the combined JMF 
that passes a 3/8" sieve and is retained on a No. 4 sieve. 

1.1 Aggregate. Use high quality, polish resistant aggregate with a capacity 
to provide and maintain good frictional characteristics. It is 
reconvnended that relatively pure carbonate aggregates or any aggregates 
known to polish be excluded from the coarse aggregate fraction. The 
coarse aggregate fraction should have at least 75 percent by weight of 
particles with at least two fractured faces and 90 percent with one or 
more fractured faces. The abrasion loss (AASHTO T 96) should not exceed 
40 percent. 

1.2 Mineral Filler. Mineral filler as specified in AASHTO M 17 or as 
specified in the State's Standard Material Specifications is suitable 
for OGFC design. 

1.3 Gradation. The reco11111ended gradation for OGFC is as follows: 

U.S. Sieve Size 

1/2" 
3/8" 

#4 
#8 

#200 

Percent Passing {by weight} 

8.5.7 

100 
95·100 
30·50 
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1.4 Asphalt Cement. The recommended grade of asphalt cement is AC-20, 
AASHTO H 226 Table 2. Other grades of asphalt should be considered when 
local conditions indicate a necessity or when an improved performance 
can be achieved. 

l.S Asphalt Additives. Additives may be required to improve the properties 
of the asphalt binder to resist stripping, retard oxidation (aging} or 
improve temperature susceptibility. Additives routinely used by the 
highway agency should be acceptable for OGFC mixes. Additives which 
have not been previously used should be considered experimental features 
and examined accordingly. In either situation, all additives required 
for the mix must be incorporated in the mix design. 

• 
2.0 Preliminary Data 

2.1 Gradation. Test the aggregate from each source, as received for the 
project, for gradation. If mineral filler is submitted as a separate 
item, it should also be tested for specification compliance. Analyze 
the gradation results to determine the JMF that will meet the 
specification limits of Section 1.3. 

2.2 Specific Gravity. Separate the coarse and fine aggregate for each 
aggregate source and determine the bulk and apparent specific gravity of 
the coarse and fine aggregate fractions for each source of material 
submitted. Utilizing the information verified in Section 2.1, 
mathematically compute the bulk specific gravity (SGb) for· the coarse 
and fine aggregate fractions for the proposed JMF gradation. If the 
bulk specific gravities of the aggregate sources are significantly 
different, a gradation analysis based on aggregate weight will not 
reflect the actual particle size distribution. Re-examine the gradation 
of the aggregate blend on a volume basis for compliance with Section 
1.3. 

Compute the apparent specific gravity (SG.) of the predominant aggregate 
fraction based on the proportion of predominant aggregate from each 
source and utilizing the specific gravity information obtained above. 

2.3 Viscosity. Test the asphalt cement to be used for specification 
compliance with AASHTO M 226. The asphalt cement b;nder used for the 
temperature-viscosity data should include all additives proposed for the 
mix. 
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3.0 Asphalt Content 
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3.1 Surface Capacity: Determine the surface capacity of the predominant 
aggregate fraction in accordance with the following procedure (AASHTO T 
270): . 

3.1.1 Quarter out a 105 gram sample of the predominant aggregate. Dry 
the sample on a hot plate or in an oven {230 t 9"F) to a constant 
weight and allow the samp1e to cool to room temperature. 

3.1.2 Reduce the sample to approximately 100.0 grams (measured to 0.1 
gram) and place the sample in a metal funnel with a piece of 
screen {No. 10 sieve) fastened above the orifice. The suggested 
funnel size is top diameter 3-1/2 inches, height 4-1/2 inches, 
orifice 1/2 inch. 

3.1.3 Completely immerse the specimen in S. A. E. No. 10 lubricating oil 
for s minutes at room temperature. [IF HIGHLY ABSORPTIVE ACCREGATE IS BEING 
USED, l""'ERSE THE SPECIMEN FOR 30 MINUTES.] 

3.1.4 Drain the sample in the funnel for 2 minutes. Place the funnel 
containing the sample in an oven (140 ± S"F) for 15 minutes of 
additional drainage. 

3.1.S Pour the sample from the funnel into a tared pan, cool to room 
temperature, and reweigh the sample to the nearest 0.1 gram. 

3.1.6 Compute the percent oil retained (POR) using the following 
equation: · 

where SG
1 

A 
B 

POR = SG. x (B-A) x 100 
2 .65 A 

• apparent specific gravity of the predominant 
aggregate 

•oven dry weight of the sample'(Step 3.1.2) 
• coated weight of the sample (Step 3.1.5) 

3.1.7 WHEN USING THE PROCEDURE FOii HIGHLY ABSOllPTIVE ACGREGATE, AFTER DETERMINING THE POii, POUR 
TME SAMPLE OllTO A CLEAN DRY ABSORPTIVE CLOTH ANO OITAIN A SATURATE!) SURFACE DRY CONDITION. 

3.1.! PCIUll THE SAMPLE FRCIC THE CLOTH INTO A TAIED PAN ANO REWl:IGH THE SAMPLE TO THE NEAREST 0.1 
IORAM. 

3.1.9 CCICPUTE THE PERCENT OIL ABSORBED (POA) USING THE FOLLOWINC ECIUATIOll: 

.PQA • J£::&. )( l 0 0 
A 

WHERE A •DRY WEIGHT OF THE SAMPLE (STEP 3.1.2) 
C •SATURATED SURFACE DRY WEIGHT OF THE SAMPLE (STEP 3.1.!) 

DETERMINE THE PERCENT (FREE) OIL RETAINED CPOR.J USING THE FOLLOWING EQUATION: 

POR1. • POR - POA 
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3 .1.10 Compute the surface constant value (Kc) for the predominant 
aggregate using the following equation or use Figure 1 below: 

Kc • 0 • l + O • 4 ( POR) 

WHlM USING THE PROCEDUIE FOi HIGHLY AISORPTJVE AGGREGATE, THE ECIUATlOlt FOi THE Kc. VALUE IS: 

Kc::a • O.l • O,,(.POR.a) 

2.5 

~ 
- 2.0 

i 
~ 1.5 

i 
~ 

1.0 

0.5 

0.0----~-·-'-·--·-'~-----·t-·--·-!~,..___,_ .. _. ____________ ,_._._._1 . ......._._._1._ . ....._.1_._.;..._j' 

1.0 2.0 3.0 4.0 s.o 6.0 7.0 

Percent Oil Retained (POR) 

Figure 1 SURFACE CAPACITY (Kc) GRAPH 
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Asphalt Content. Compute the required JMF asphalt content (ACJMF) 
is based on the weight of aggregate from the following equation. 
asphalt content computed from this formula is the same regardless 
asphalt grade or viscosity. 

ACJHT = ( 2 (Kc) + 4. 0 ) x 2 ' 6 S 
SG. 

which 
The 
of the 

WHEN USING THE PROCEDURE FOii HIGHLY ABSORPTIVE AGGREGATE, DETERMINE THE REQUIRED ASPHALT CONTENT 
(AC-> AS FOLLOWS: 

COMPUTE THE EFFECTIVE ASPHALT CONTENT (AC1n) FRCJI THE FOLLOWING EQUATION: 

AC in • ( 2 (Ka) • 4 . 0 ) x 1...:..,!! sa. 

COMPLETE SECTION 4.0 AND 5.0, THEN CONTINUE WITH THE DETERMINATION OF THE ASPHALT CONTENT AS 
FOLLOWS: 

PREPARE A TRIAL MIXTURE USING AN ASPHALT CONTENT EQUAL OR SOMEWHAT GREATER (ESTIMATE AMO.INT THAT 
WILL IE AISORBED) THAN THE EFFECTIVE ASPHALT CONTENT (AC,,,) DETERMINED ABOVE AND USING THE AGGREGATE 
GRADATION AS DETERMINED IN SECTION 5.2. 

USING A SUITABLE TECHNIQUE, SUCH AS THE TEST FOR lllAXl"'-'4 SPECIFIC GRAVITY OF ASPHALT MIXTURES 
CAASHTO T 209), DETERMINE THE ACTUAL QUANTITY OF ASPHALT A8SOll8ED CIN PERCENT, BASED ON TOTAL WEIGHT 
OF AGGREGATE). 

DETERMINE THE JMF ASPHALT CONTENT (AC.,.) OF THE ABSORPTIVE MIXTURE USING THE FOLLOWING EQUATION: 

Ac.,,,, • AC.,, • actual asr;hal e absorb•d · 

4.0 Void Capacity of Coarse Aggregate 

4.1 Unit Weight. Determine the unit weight of the coarse aggregate fraction 
of the proposed JMF by either of the following procedures (FHWA-R0-72-43 
or ASTM D 4253 modified}. 

4.1.1 Apparatus 

Compaction Mold. - A 6 inch nominal diameter solid-wall metal 
cylinder with a detachable metal base plate. A detachable metal 
guide-reference bar as shown in Figure 2 is required for Method 1. 

Vibratory Compactor 

Method 1 Rammer. - A portable electromagnetic vibrating ramrner 
as shown in Figure 3, having a frequency of 3,600 cycles a minute, 
suitable for use with 115-volt alternating current. The ranrner 
shall have a tamper foot and extension as shown in Figure 4. 

Wooden Base. - A plywood disc 15 inches in diameter, 2 inches 
thick, with a cushion (rubber hose) attached to the bottom. The 
disc shall be constructed so it can be firmly attached to the base 
plate of the compaction mold. 
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Figure 2 COMPACTION MOLD 

_, 11-11.- D -----·-I 

f" 

.,,.. 

TL~1-11%'DI 
l·W" D~ 

Figure 4 TAMPER FOOT 

Figure 3 VIBRATORY COMPACTION ASSEMBLY 
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Method 2 (experimental) Vibrating Table. - A vibrating table 
capable of. inducing a vibratory force to the sample at 3,600 
cycles a minute and at an amplitude of (0.013 ±0.002 inch). 
(Soiltest CN-166 or equivalent) 

Confining Load. - A circular steel disc weighing 60 pounds with a 
diameter of 5 7/8 inches. (Soiltest CN-167 or equivalent) 

Timer. - A stopwatch or other timing device graduated in divisions 
of 1.0-second and accurate to 1.0-second, and capable of timing 
the unit for up to 2 minutes. An electric timing device or 
electrical circuits to start and stop the vibratory compactor may 
be used. 

Dial Indicator - A dial indicator graduated in 0.001-inch with a 
travel range of 3.0 inches. 

4.1.2 S~mple. Select a sample of the coarse aggregate fraction (approx. 
S lb.) from the proposed JMF as verified in Section 2.1. If the 
bulk specific gravity of the coarse aggregate is less than 2.0, 
reduce the size of the sample to approximately 3.5-lb. Weigh the 
sample to the nearest 0.1 pound. 

4.1.3 Procedure 

Method 1. Pour the selected sample into the compaction mold and 
place the tamper foot on the sample. Place the guide-reference 
bar over the shaft of the tamper foot and secure the bar to the 
mold with the thumb screws. 

Place the vibratory ranrner on the shaft of the tamper foot and 
vibrate for 15 seconds. During the vibration period, the operator 
must exert just enough pressure on the hanvner to maintain contact 
between the sample and the tamper foot. 

Remove the vibratory ranmer from the shaft of the tamper foot and 
brush any fines from the top of the tamper foot. Measure the 
thickness {t) of the compacted material to the nearest 0.01 inch. 

Method 2. (experimental) Pour the selected sample into the 
compaction mold and place the surcharge base plate on the sample. 

Lower the surcharge weight onto the surcharge base plate and 
vibrate the assembly for 2 minutes. 

Remove the surcharge weight and brush any fines from the top of 
the surcharge base plate. Measure the thickness (t) of the 
compacted material to the nearest 0.01 inch. 
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4.1.4 Calculation. Calculate the vibrated unit weight {X) (in pounds 
per cubic feet) as follows: 

X= 6912w 
'It d 2 t 

Where w • weight of coarse aggregate fraction (pounds) 
d • diameter of compaction mold (inches) 
t • thickness of compacted specimen (inches) 

4.2 Void Capacity. Determine the void capacity of the coarse aggregate 
(VCA) as percent of total volume using the following equation: 

VCA • ( l - _!_ ) x 100 ue 

Where X • vibrated unit weight from step 4.1.4 
Uc •bulk dry solid unit weight of the coarse aggregate 

fraction (pcf). 

5.0 Optimum Content of Fina Aggregate 

5.1 Compute the optimum fine aggregate content with the following 
relationship: 

VCA - V - (ACJHJI') (X} 

u. 
y = ----------(VCA - V) + _!_ 

ioo ut 

Where Y • percent of fine aggregate by weight of total aggregate 
VCA • voids in the coarse aggregate (percent) 
V • design percent air voids • 15.0 percent 
AC,,., • asphalt content for the JMF (percent by weight of 

aggregate) l.'WMfl USIN' TllE PIOCl'.DUIE FOi Mlc;MLT AISOIPTfV! AGGIEGATE, 
USE AC... FIClll SECTIOll 3.2. MOT At-l 

X • vibrated unit weight of coarse aggregate {pcf) 
u. • unit weight of asphalt cement {pcf) 
u, • bulk dry solid unit weight of fine aggregate (pcf) 

5.2 Compare the optimum fine aggregate content (Y) determined in Section 5.1 
to the amount passing the No. 8 sieve of the proposed JMF •. If these 
values differ by more than 1 percentage point, revise the JMF using the 
value determined for optimum fine aggregate content. Recompute the 
proportions of coarse and fine aggregates (as received) to meet the 
revised JHF. If the proposed and revised JMF gradations are 
significantly different, it may be necessary to rerun portions of this 
procedure. 
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7.0 Resistance to Effects of Water 

Conduct the Inmersion-Compression Test (AASHTO T 165 and T 167) on the 
designed mixture. Prepare samples at the optimum mixing temperature 
determined in Section 6.0. Use a molding pressure of 2000 psi rather 
than the specified value of 3000 psi. Determination of the Bulk 
Specific Gravity is not required for this design procedure. 

After 4-day inmersion 1t 12o•F, the Index of Retained Strength shall not 
be less thin 50 percent unless otherwise permitted. Additives to 
promote 1dhes1on th1t will provide 1dequ1te retained strength may be 
used when necessary. · 

8.5.16 

Arch
ive

d



FHWA TECHXICAL ADVISORY T 50~0.31 
December 26, 1990 
ATTACIBiE;.;T 

6.0 Optimum Mixing Temperature 

Prepare a sample of aggregate {approximately 1000 grams} in the 
proportions determined under Section 5. Mix this sample with the 
proposed asphalt cement at the asphalt content (ACJNF) determined under 
Section 3.2 at a mix temperature corresponding to an asphalt viscosity 
of 800 centistokes determined under Section 2.3. When the aggregate is 
completely coated, transfer the mixture to a pyrex glass plate {8-9 in. 
diameter) and spread the mixture with a minimum of manipulation. Place 
the plate with the sample in the oven at the mixing temperature. 
Observe the bottom of the plate after 60 minutes. A slight puddle of 
asphalt cement at the points of contact between the aggregate and the 
glass plate, as shown in Figure 5, is suitable and desirable after the 
60 minute period. Otherwise, repeat the test at a higher or lower 
mixing temperature to achieve the desired contact area. If asphalt 
drainage occurs at a mixing temperature which is too low to provide for 
adequate drying of the aggregate {typically not lower than 225.F), an 
asphalt of a higher viscosity should be used. 

An intermediate observation of the plate can be made at 15 minutes. If 
there is excessive drain down at the contact points, the sample can be 
discarded and the test repeated at a lower temperature. 

NO 
DRAIN DOWN 

INCREASE 
MIXING TEMPERATURE 

Figure 5 

DESIRED 
DRAIN DOWN 

OPTIMUM 
MIXING TEMPERATURE 

EXCESSIVE 
DRAIN DOWN 

DECREASE 
MIXING TEMPERATURE 

DRAIN DOWN CHARACTERISTICS 
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OGFC MIX DESIGN REPORT 

8. Proposed Job-Mt. Gradat!Oft ~c:ent ous.ng) 

A99't9f!e Sources 

vr 100 ---
3111"' 95. 100 -----., 30 ·!O --
•• s. ,5 -------
•1e --
•200 2·S --

c. Spec:t!le Gram • UM Wl'igm 

COARSE AGGAEGA TE 
<R~ No. e S..V.J 
Bulk Sci. Gt. <SG.J 

•eer!O!t• Sources 

-----

VISCOSI!): fC:Stl Temperat1.1te (F) 

600 

900 

•F -----
S.O R!SISTANCE TO EFFECTS OF WA~ 

(MSHTO T 165 l T 167. 2000 1)$1) 

___ __,pll AJr Ory Strengll'I 

Wet Strlngll'I 

Attatned Strtnt;lth 

___ _,,p11 (4 0.ya O i:!Q*F) 

____ ... (50'llo Mrnomum) 

6.0 OES!GN SUMMA RV 

Bulk SOiid Unit WllVf'lt (1J.J w!WI U.-G.4(SG.J 

l=INE AGGREGATE 

___ __,ocf Apegate Propomont (by WllVf'ltl 

(Pu&lflO No. e S.1111) 
Ill.Ilk SQ. Gr. (SGi,l 

lwlk SOllCI Ul'lll WttlO'll (U,) Wftertt u,-e2.4(SG.J 

PREDOMINANT AGGREGATE 
(Pl1S11'19 319• •~Cl No.4) 
Aooarent SQ. Gr. tlGJ 

ASPHAl.T BINDER 
S111Clftc Gr•~• 77.o· F. 

Unit WllVf'lt (U,.) 

---·'wt•w 
J.O \IOIO CAPACrT"!' 

A. Void C.p!C"Y of COll'lltt AQFegatt 

S. Optimum l"lne Aggregate Contl!nl 

WYletl: X • ____ Del 

u, ____ oe! 

x 

"' 

___ _,.Def ____ ... 
____ .. 

15 .. ____ ... 
soec1. l.lmft S • Y • 15 Y • , 

JMF Gr1c:1a11on (percent oau1ng) 

Def Sieve Siu JMF 
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U.S.~111eit 
Of Tl'a"ISPOf"IC1 
~Highway 
AdmnsliaUon 

suo~cr Automatic Profile Index Computation 

i= rom ch ; e f ' p av eme n t 0; v i s i 0 n 
Washington, D.C. 20590-0001 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Memorandum 

Date FEB 2 I 1991 

>:iepty to 

Attn Of HNG-42 

Recently, it has been brought to our attention that a significant difference 
exist between the results of an automated profilograph and a manual 
profilograph. 

The attached South Dakota Department of Transportation report explains and 
analyzes the problems with automated profilographs. Some of the filtering 
algorithms used in the computerized profile index computations result in 
significantly underestimating of the profile heights for wavelengths shorter 
than 10 feet. Therefore, the overall profile index is also underestimated. 

In view of the increased use of automated profilographs by the contractors and 
the States, it is important that the· findings and recommendations of the 
attached report be shared with the divisions and States. 

At the present time, we are developing a short training module .to explain some 
of the problems in evaluating pavement profile. If you have any Questions 
concerning this issue, please contact Mr. Aramis Lopez, Jr., at FTS 366·2084. 

Louis M. 

Attachment 

&.6.1 
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Analysis and Rec::ommencta:tions 
Conceming 

Profilograph Measurements 
on 

F0081(50)107 
Kingsbury County 

David L. Huft 
South Dakota Department of Transportation 

Office of Research 
Pierre. South Dakota 57501 ·2588 

{605)n3-3292 

November 26, 1990 
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Profilograph Analysis FOOS1(50)107 

I.Background 

During the summer of 1990, Portland 
Cement Concrete pavement was placed 
on an 8.9 mile segment of US81 south of 
Arfington, South Dakota by Castle Rock 
ConstNction Company {Figure 1 ). The 
project number was FOOS1 (50)107. 

In accordance with contract provisions, 
the contractor conducted profilograph tests 
to determine the rid& quality of the 
finished pavement. The contractor's 
measur,ments indicated that generally 
high ride quality had been achieved, and 
that the contractor was entitled to an 
incentive bonus of.nearly $89,000. 

Profilograph tests performed by the South 

Het.lond 
0 

November 26, 1990 

N ... 
~ 8l 

N 

1 
Dakota Department of Transportation's Figure 1 F0081(50)107 Location 
Office of Materials and Surfacing also 
showed good ride quaJity. but not as good 
as the contractor's tests had Indicated. Profile indexes measured during SDDOT's quality 
control tests were typically one to two inches per mile higher than those measured by the 
contractor. Traces generated by the SCOOT unit consistentently showed higher profile 
amplitude than did traces from the contractor's (Figure 2). 

SDDOT attempted a simple check to determine whether the contractor's profilograph 
measured the pavement profile accurately. When the profllograph was Nn over a short 
piece of one-by-two lumber, the unit indicated approximately one-haJf inch rather than 
three--quarters of an inch, the nominal wood thickness. This unexpected resutt seemed 
to suggest a problem in the contractor's profilograph. 

The contractor and SDDOT also tested sections of pavement simultaneously to determine 
whether their profllographs would produce the same profile indexes on the same day. On 
August 28, both northbound and southbound lanes were tested at stations 21+71 to 
48+ 11 and 438+83 to 470+51. AgaJn, SODOrs profile indexes and trace amplitudes were 
higher than Castle Rock's. 

The contractor attempted to verify the operation of his profilograph by comparing its 
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Profllograph Anaiysis F0081 (50} 107 

performance with another unit owned by 
the Iowa Department of Transportation. 
Castle Rock's profHograph measured 
profile Indexes which agreed doaely with 
Iowa's. When asked why the profilograph 
underestimated the thickness of the on• 
by·two, Iowa personnel speculated that , 
the unit's filtering algorithm might be 
responsible. They advised that SCOOT 
might evaluate traces more carefully, to 
avoid misinterpreting spikes • roughness. 

After the discrepancies were dscovered, 
SCOOT retested the entire projec:t. Profile 
indexes were consistently higher than 
those originally measured by the 
contractor. On the basis of SDDOT's 

· November 26, 1990 

measurements, the contractor was entttted FlguN 2 Traces from SDOOT and Castle 
to a bonus of less than $48,000. It Rock Pro'fllographs 
seemed dear that the contractor's 
profilograph performed differently from 
SDOOT's proftlograph, perhaps becar 188 
of a filtering process performed by its on-board computer. But because SDDOT's tests 
were performed weeks after the contractor's, direct comparisons were not Possible. 

Beca• rse of the unrasotved questions surrounding the profilograph measurement=, the 
Aberdeen Region requested that the Offtce of Research provide technical assistance. 
SpecificaJly, the objectiv• of this study were to: 

1. Determine whether profllograph measurements obtained by the 
contractor's automated proftlograph differ significantly from those obtained 
by SDOOT's manual proftlograph; 

2. If differences exist, determine their cause(s): 

3. H differwnces are attributable to the ftltering employed by the contractor's 
profilograph, develop a method to determine a fair ride quality bonus. 
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Profilograph Analysis F0081(50}107 November 26, 1990 

II. Significance of Profilograph Measurement Differences 

ft is essential to any anaJysis to first establish that the profile indexes measured by the 
contractor's and SDDOT's profilographs are statistically different. If observed differences 
only represent random variations, it would be pointless to conclude that either instrument 
was· in error. If systematic differences exist, however, their causes might be determined. 
Two statistical tests were performed. 

First. the project .. wide profile indexes obtained by SDDOT on September 5-S and 10-11, 
1990 were compared to the profile indexes measured by the contractor within forty-eight 
hours of construction (Figure 3 and Figure 4). The hypothesis •Project .. wide profile 
indexes measured by SDOOT are higher than the contractor's• was tested using the one­
sidecf t·statistic with unknown standard deviations. That test demonstrated the hypothesis 
to be true with greater than 99% confidence. 

I I •O 

FOOS 1 F=>rofile Indexes 
Nor"tt"C>o...nd L..ene 

o.._--.....ii...,,,..l.IQ."'--.:......:.ic.w.....J........:~~~..;;...a.......,..,_~'"'---' 

0 100 ......... 
...... c:..u. ~ 

Figure 3 Project .. Wlde Profile Indexes Measured by SCOOT and Castle Rock 
Construction (Northbound Lane) 

Second, the profile indexes obtalned during head-to .. head tests on August 28, 1990 were 
compared (Figure 5 and Figure 6). The hypothesis •scDOT's profi!ograph generates 
higher profile indexes than does the contractor's• was tested, using the same statistical 
test. With more than 99% confidence, the hypothesis was determined to be true. 
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FOOS 1 F=>rofile Indexes 
Southbou'id L.ane 

.... SJ • 

--- llC! C•l:i 1 ...... C'I••• ......... 
FIQU19 4 Project-Wide Profile Indexes Measul'8d by SDDOT and Castle Rock 
Construction (Southbound Lane) 

SD vs Cas'tle Rock ?rof i log-apt-as 
(airnul'taneoe • mea-..rerri •nta. S/2B/~) 

10----------------------------------------
• 

I • 
I . 

• ·····-~- ~ ------··· ...................... ........... 
········ .............................................................. 

0--------------------------------..._ ____ __ 80 - ••1 . 
--- cot• ....... c::1 ua ---- 'OM ........ c-m 

Flgu,. 5 Profile Indexes Measured SimultaneousJy by SDDOT and castle Rock 
Construction on August 28, 1990 

On the basis of these statistical tests, It can be confidently stated that SDDOT's project 
wide measurements are higher than the contractor's and SDOOT's profilograph generates 
higher profile Indexes than does the contractor's. 
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SD· vs Castle Rock Profilographs 
(aimuft:aneous mee-..rernents.. 8/28/90) 

'10 

• 
I • 
I ...... 

• 
0 
...:. .....0 ..... .-ea .... ..ea ..... 4170 

--- ..,,,... ..... ~ --- ..,_ ........ C!:llll-
Figure 6 Profile Indexes Simultaneously Measured by SCOOT and Castle Rock 
Construction on August 28, 1990 

IV. Profile Index Difference Causes 

Two causes were considered likely to explain the dfferences between the profile indexes 
measured by SCOOT and those measured by the contractor. They were time between 
measurements (in the case of project·wide indexes) and differences between manual and 
automated profile interpretation. 

A. Time Between Measurements 

Although it seemed probable that differences between the profilographs were responsible 
for much of the discrepancy between SOOOT'a and the contrador's profile index 
measurements, it also appeared that pavement roughness had changed since the time 
of paving. Indexes obtained by the contractor's profilograph on August 28 were higher 
than those taken immediately after construction, suggesting that the pavements had 
become slightly rougher following construction. This is reasonable, because the curing 
process and temperature changes can easily effed slab shape. 

This observed change is important because it means SCOOT measurements taken long 
after construction should not be used to determine nde quality bonuses. There can be no 
assurance that SOOOT's measured profile indexes accurately represent the ride quaJity 
immediately following construction. 
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B. Proftlograph Differences 

From the compar11on of profile Index measurements taken on the same pavement 
sections on August 28, 1990, tt was clear that the contractor's profilograph measured 
lower profile Indexes than did SOOOT's. Because the two machines are geometrtcally 
identical, the profile filtering process incorporated in the contractor's unit was considered 
the most likely ca• 111 of the difference. 

(It should be noted that SOOOT'a manual procedures ware also evaluated. primarily 
because of Iowa's concern that spikes may have been Incorrectly Interpreted. However, 
no incorrect procedures were discovered. SODOT's engineer had correcdy smoothed the 
profile so spikes were ignored, just as Iowa had advised.) 

castle Rock's unit Is a James Cox and Sons, Inc. Model CS8200 profilograph. It Includes 
an on-board computer which digitizes the profile signal 8t 1.3• Intervals and computes 
profile index automatically. To make proftle lntirpratation less difftcutt. the computer uses 
a simple recursive digital filter 1D remove spikes (ca• med by extraneous mechanical 
vibrations) from the profile signal. 

Mathematically. the titter is of the form 

Y.•AY.,.1+SK,. 

whef'9 X.. II the raw (unfiltered) digitized elevation II point n, Y,, is the filtered elevation 
at point n, and Y ,..1 is th• filtered elevation at point n-1. A and B are constants which 
determine the ftlter's effect, and are defined: 

S-"'85531 

Cox recommends using a fitter factor of N-8000 for most purposes. 

The performance of this filter can be analysed with standard signal processing 
techniques. One useful analysis determines the response of the filter as a function of 
profile wavelength. Specifically. the analysis defines the fitter's amplitude response H(l.), 
which is the ratio of the fitter's output to its Input. It can be shown analytically that the 
amplitude response of this filter is given by the formula 
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where 

and 

l,. is the sampling intervaJ of 1.3· used by the Cox profilograph. 

As shown in Figure 7, the filter attenuates shortest wavelengths most. Wavelengths 
shorter than one foot are attenuated by more than 80%. so the effect of spikes will be 
reduced greatly. However, the filter aJso attenuates significantly longer wavelengths as 
well. Wavelengths of two feet are attenuated by over 600/o; five foot wavelengths are 
attenuated by 30%. Even ten foot wavelengths are attenuated by 10%. 

The filter can also be described In terms of Its response to a step function. As Figure 8 
shows, the filter is quite slow to recognize a step in the pavement profile. After the 
profllograph travels one foot past the step, it measures only 70% of the step's height. It 
is not until the profilograph has traveled three feet past the step that It measures 95% of 
the true height. This explains why the profilograph failed to measure the correct thickness 
of the one-by-two, which was less than one foot long. 

The significance of Figure 7 and Figure 8 is that while the filter successfully removes 
spikes from the raw profile, it also removes longer features which are known to affect the 
pavement's ride quality. In other words, the flltering underestimates the amplitude of the 
pavement profile, causing estimates of profile Index to be low. 

Cox acknowledges that the profile index is affected by the filter. Their manual states, •tt 
is important to understand that the test results are heavily affected by the selected filter 
factor.• However, the filter's performance is fundamentally a consequence of its simple, 
first order formulation. Regardless of the filter factor used in the computation, the filter's 
selectivity will not be good. Invariably. long wavelengths will be removed along with the 
short. The performance of the filter could be improved by using a higher order filtering . 
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Cox Prof i lograph 
Data Filter Wavelength Response <N=8000) 

eo......,.___._ . ._... ______ ..._ __ ,,__....__.._....P..~+------------t 

l 60 ....... ~~·--· 1------------_,.~ .......... --.. ------------t 
.. 

" " ... J 40...---__ ....... ______ ....,... _______________ ._ ________ ....,. 

20~~~~----~--~--~~:~:~:~:-+----------t 

I i 
0-------------------------------------------0JS 1 10 

Wavel.-igth (ft) 

Figure 7 Response of Cox Data Fiiter aa a Function of Wavelength 

algorithm, if the profilograph•s computer had sufficient power. 

The filter's uftlmate effect on computed profile index cannot be simply determined. 
Because the amount of attenuation dependl upon th• wavelengths pNsent in the 
pavement profile, the affect on profile index will also vary. If a pavement contaJns 
predominantly short wavelengths. the profile index will be reduced g'8atly. If only longer 
wavelengths are present. the reduction will be slight. 

This behavior explains why Castle Rocl(s automated profilograph correlated well with 
Iowa's manual profilograph. Iowa's test section consists of large amplitude bumps at 
predominantly long wavelengths (longer than twenty feet). At these wavelengths, the 
effect of filtering is too slight to be detected by visual Inspection of profilograph traces. 
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Cox Profilograph 
Data Filter Step Response (N=8000) 
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Figure 8 Cox Filter Step Response 

Ill. Bonus Computation 

, 

2 3 

Oistance Cft> 

4 s 

In view of the discrepancies between profilograph measurements taken by SDDOT and 
those taken by Castle Rock. the question of fair bonus payments arises. Because the 
contractor's profilograph underestimated the height of profile features on the pavement. 
profile indexes were artificiaJly low, and inconsistent with the measurement method 
assumed In the specifications. Consequently, the bonuses computed from the profile 
indexes were excessive. SDDOT's profilograph did not underestimate the profile, but 
because measurements were not taken within forty-eight hours of paving, they cannot be 
used directly as a basis for bonus payment. 

In the interest of fairness to the contractor and the state, it would be best to correct 
the contractor's measurements somehow to remove the adverse effects of filtering. This 
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could be don• clredly, but would require complete redigitizlng of aH profile traces taken 
from the co11tra::tor'1 profflograph. The procedure would use complex mathematics 
(Fourier transforms and Inverse Fourier transforms) to raconstruct a profile of proper 
amplitude. 

An aJtematiYe to this clfficult and lengthy process la to correlate the two profilographs, 
using th• measurements which were taken by both Instruments on August 28. The 
readtlng reg1"881ion equation can then be used to adjust th• contractor'• profile indexes 
ao they better repreaent unfiltered values. 

SD vs Castle Rock Prof i lographs 
(based l.4)0n 8/28/90 correlation> 

10 

C> • 1.95 + 093 CR 

)( 

! e 
• 

.! • • '5 6 
d: • 

I " 
i 2 • • 

• 

• 
0 

0 2 4 e e 10 

Castle Roc:K Profile Index 

Figure I Corretdon of SDOOT Profile Index vs Castle Rock Profile Index 

Figure 9 shows the profile indexes measured by the two profilographa. From the data 
obtained in the simultaneous testing. the best equation relating filtered (castle Rock) and 
unfiltered (SCOOT) profile indexes is: 
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Pf ,,.,.,,.-1.96 +().93Pf.,,,,. 

Application of this equation to the contractor's profile indexes produces adjusted values 
which more realistically represent the ride quality of the pavements. The bonus computed 
from these adjusted values totaJ $68.975.36, which colncidentaJly faJls approximately 
halfway between the contractor's originaJ estimate and SOOOT's estimate derived from 
late measurements. A complete listing of SDDOT, contractor, and adjusted profile 
indexes, along with bonuses computed from them, is presented in Appendix A. 

IV.Conclusions and Recommendations 

Comparisons between profile Indexes measured by the South Dakota Department of 
Transportation and Castie Rock Construction Company show that the profilographs used 
for the measurements ara inconsistent with each other. Analysis of the filtering algrortthm 
used on the contractor's profllograph demonstrates that the Cox unit significantly 
underestimates profile heights at wavelengths shoner than ten feet Therefore, profile 
indexes are aJso underestimated. 

It was possible to derive a regression equation from profile indexes measured by the 
SDOOT unit and the contractor's unit on the same pavement sections on the same day. 
The contractor's profile indexes were adjusted using this equation, yielding new indexes 
which more realistically describe the ride quality achieved in the paving operation. The 
bonus computed from the adjusted profile indexes is approximately midway between the 
bonus computed from the contractors unadjusted indexes and the bonus computed by 
SCOOT from Its late measurements. 

tt is clear that the filtering algorithm incorporated in the Cox unit should not be used in 
conjunction with SDDOT's special provision for paving incentiVes. Because the filtering 
falsely indicates a smoother pavement, its use (with the present special provision} is 
unfair to the state and to other paving contractors. To be fair, one or more of the following 
is recommended: 

Prohibit filtering. This might make automatic profile index computation 
Impossible, If the computer requires smoothed profiles. The benefits of 
objectivity and quick test results would be lost. 

Lower the acceptable inches per mile if filtering is used. Additional 
correlation between filtered and unfiltered profile indexes, especially at 
higher roughness levels, may be desirable if this method is adopted. 
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Improve the lltertng algortthm by using a higher order fitter. This option 
wouk:i place .xstttonaJ computational.demands upon the profilograph's on­
board co,..,, but would provic:le much better selectivity between ahon 
and intermediate wavelengths. 

A ftnm recommendation concerns the criterion by which SCOOT and other transponation 
agencies determine whether a contractor's profilograph operates acceptably. It is common 
pra:tice to accept a contractor'• profile Indexes H they fall within two inches per mile of 
the state'a lndexea. Thia crtterton falla if a profllograph generates indexes which are within 
two inches per mile, but conslatently low (or high). A at8llsticaJ test to determine whether 
mean prolle Indexes are different would provide a much better Indication of measurement 
vaBdlty. and wcuk:i ensure faim881 to both the contractor and the state. 

In view of the increased use of automated protllographa, and ongoing development of 
new uniti by other vendors, it is Important that the· issues raised in this report be 
addressed prior to the 1991 construction season. 
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NORiti80UND 

Slllllan SWI Conll1ll::IDr ~l.DCI 

Pl ..... Pl ..... Pl ..... 
O.a8· W7 15 (1533.87) I $10l.77 7 IC.00 

.....,. 11+15 Iii IC.00 2 1133.17 4 132C.SZ 

11+11· 11+4 • l10l.77 1 1533.17 3 loC2'7.l» 

1....S· 2h71 • IC.00 , 11533.17 s 14Z7.l» 

2'1+71 ..... • IC.00 4 IUl.SZ • l10l.77 

..... •+2'7 7 I0.00 , 1133.17 s loC2'7.c8 . .,,. ~ ... ' &saD.S2 2 IUU7 ' IUCl.SZ 

~·- 42+13 I 12tUI 2 IAU7 ' 1321D.SZ 

'2+13· 4l+t1 s "27.c8 t 1133.17 s "27.c8 

.. ,, • 13+31 I ltOl.77 2 1533.17 4 l3.2D.sz .... ....., 2 IAU7 , 1133.17 s "'27J8 ....., .... I 1211.51 2 1133.17 4 ... 

.... 11.aJ ' &saD.S2 2 IAU7 4 &m.IZ 

94S· 74+61 ' mo.sz 1 IAU7 s "'27.ol , ... , . .,...,. z IAU7 0 IUU7 z ..,,, 
'lt+l'I • Mo+07 s "27.ol z l5SU7 4 ... 
'5.07· ~ s "27.ol 0 IUl.l7 z llSU7 ...... a loC27.Gll 1 IUU7 a .. 27.cl 

.... ,OO+l'I I "27.Gll 1 llSU'1 I 14Z7.Gll 

too..4tt • tOl+11 ' mo.sz 2 IAU7 ' ... ,...,.,,,..., z llSU7 0 IAU7 z ...,. 
,,,..., . ,, .. ,. a 1427.ol 1 11&17 I "27.cl 

11k71• 121.cD ' IUCl.IZ 0 1111.17 z ....,. 
t22•·127.a1 s "27.Gll 0 ....,. 2 ..,,. 
12'7.a1· , ... s 1'27.l» 0 IUU7 2 ....,. 
, .... ,~.., I ltc:a.77 1 1133.17 s "27.ol 

1~.f7 • 10.tl I 14%7.Gll , 1533.17 s .. 27.cl ,., .. ,..., I .. ,,. .. t llSU'1 3 loC27.t» 

t.....S • UL'!I+.,, I tlOl.77 2 llSU7 4 IUCl.SZ , . .,, ., .... ' -· , IUS.17 s '427.Gll 

, .... ,Mt21 s ..a.oe t llSl.l7 I "27.cl 

,.....,,.., ... I l21UI I 1427.QI I 1211.11 

, .... 17 ...... , 1533.17 0 l5SU7 z IUU7 
11.....a. ,.,.,, I 1427.Cll z ....,. 

' .... 
tl0+1t. , ... 7 IC.00 s 14Z7.DI I 1211.11 

115.a. 1to.17 I IC.00 5 12tUI 7 I0.00 
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,..,.1 ... ' .., .. , ...,. s MD.GI ,... ..... I MD.GI 0 ...,. 2 -......... , • "'27.GI 0 -.,.,. 2 -... , ·211+71 I •11.11 1 ...,. a .. 27.GI 

211+71·217.o7 , - 0 ...,. 2 -217.o7•ZZZ .. , - 0 -.,.,. 2 -.,.,. ........ • lt!W 2 ...,. 
' -· ., ......... • l'IOl.77 t ...,. 
' .... ........ ,. 4 - I ....,. 
' ... 

.. , •• ao..11 • l'IOl.77 , ....., I 1117• 

JilM?•ael+JI 4 - J ... ' .... .. ,. ...... , ...,. 0 ~ J --...... ...., ' - 2 ....,. 
' .... ........... I l'IOl.77 2 ....,. .. .... ...... ...., • - 1 ...,. I 1117• 

....,.2'1+11 7 . .. I MZ"• I ., ... 
2'1+11· ... I "27• 0 ...,. 2 ....,. 
....... 71 .. .... t -.,.,. ' -· ... ,, ..... • ., ... I "27.GI I ., ... 
.... a.17 I "27.GI 0 ...,. 2 ...,. 
a.17 • ., .. I MZ'M , ...,. I 1117• ., ....... t ...,. , ...,. I Ma• 
-....112+n I MZ"• 0 ..., 2 --.,,.,, • 117..al • Ma.at , ...,, • Ma• 

117•·•• , ..., 0 ... 2 ... 
••·Sl7• • - 1 ... I 1117• 
S17 ...... 2 ...,. D ...,. 2 ....,. ........ , , ..., 0 ...., 2 ... ... ,.,..,. 1 ...,. , ...,. s Ma• .... ,..~ 2 ....,. D ...,. I ...,. 
Mt.07 ..... a ....,. 1 ...,. I Ma• ........ • MZ"• 2 ...,. 

' ... ............ , ...., 0 ..., I ...,. ...... .,..,. • l'IOl.77 ' - • l'IOl.77 .. , .. """' ' - , ...., I 1117.GI ...., ..... ,. , 11:11.17 0 ...,. I ....., .... ,. .... , ... 0 ...,. 2 ...., .... .,.., 1 - 0 ..., 2 -.,.., ..... I lt!S.S z ...,. 
' -..... 401.., • l'IOl.77 s '427.GI I lt!S.S 
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401.a?. 407+15 7 I0.00 s t427.ol 5 l21UI 

407•15. 412.-13 11 (l10l.i1) 5 1213.515 7 I0.00 

412..CS. 417+71 4 132C.32 3 t427.08 5 l21UI 

417•71 • 422M 2 1133.17 1 1533.17 3 t427J» 

422M·ca.D 5 1:213.51 s t427.ol 5 1213.51 

-.z7·~ • tlOl.77 .. 1521).32 • ttOl.77 ............. ' t427.ol 3 t427.ol 5 l21UI ............ ,, ' 132C.SZ 4 8320.SZ • ttDS.77 .... ,, ........ 3 "'27.08 1 ' 1533.17 ' 1\4.27 J» 

44fta • ......., 2 IS3:S.l7 0 .....,. 2 ....., 
"4..a7· ..... 3 1427.ol 1 1133.17 s t427.ol ....... .......,, I S10l.77 .. 8320.:12 • ,, .. 77 

-.a-4'1'1M1 , ...., , IAU7 I 1427.ol ........ tn.401.G "'4,'17SI 111.740.27 

sameouN) 

llllllft ... COrncllr Mlullllll 

" .... Pl .... Pl .... 
CMt· ....., 11 (l'IOl.71) I "'27.ol I 1211.11 .....,.,,.,. ,, (tlOl.77) I 1427.ol I 121UI 

11+11· 1-...a 10 I0.00 0 lllU7 I l53U7 

1h4·21•7'1 12 (1211.51) 0 ....., I ....., 
21+71· ... 11 (1213.15) s "'27.ol I 1211.11 

..... 12+27 • 11Cll.77 , l53U7 I 1427• 
1247· S7+11 s 1417• 0 ....., I ....., 
S7.U· 41.U 4 1321>.SZ , ....., 2 ....., 
., ....... ,, \ -.0 0 ISill.l7 2 mu7 ... ,, .... I 1211.11 I .. m 4 -.... ....., a 1427• , ll3U7 I "'27• 
11+11· .... I 1211.11 , 1131.17 I JCD• ..... ...,, ' l21UI 1 1131.17 I 1427• 
...... ., ..... 1 I ....., , lllU7 I 1427• , ..... , . .,....,. I 1427• 0 ....., 2 l53U7 
.,...71. a.a? • - I .. 2741 I 1211.11 

a.a? • 11).aa I 1427• 0 ....., I lllU7 ....... • 1211.11 1 ....,. • MD.GI .... ,~ • - 0 ....., I ....., 
1~ • 1Gt.1t • - 0 ....., 2 ....., 
1ot.11 • 111.C? 1 IU3.l7 0 ....., 2 ....., 
,,, .. .,. 111+11 a 1427.Dt 1 ...,. I 1427• 
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I u .. 71. 122.os • ens.a 2 IUU7 ' -,-...127 ..... I tQ7Jll ·o IUU7 2 ..., 
127.at -112..a I "27.DI 0 IUU7 2 ..., 
, ..... ,S1.., I ., ... , ..., I MZ7Jll 

1S7.c7·10.11 • l10L1'7 1 IDU7 I "'27.DI , .... , .. , ...... I ....,,. .. 0 IDU7 I -, ....... 1-..11 7 .. ' IDU7 I ....,,.. 
, .. ,,., ... • 110L1'7 , - I "27.DI 

, .... ,...a I '10L17 , - I MZJ'Jll 
,.....,., ... I ., ... , IDU7 I ....,,.. 
, .... ,., ... I ....,,.. 1 - I ....,,.. 
,., .... , .. ,, 7 ID.00 I ....,,.. I .,,a.a 
, .. 11·11141 I l10L1'7 , - • ....,,. . 
, .... ,.,..,. • ID.00 1 ..., I tca7Jll 

1-.t7·1 ... I '10L1'7 ·o - I -, .... ., .. I ., ... I - ' -., ...... , • - 0 - I -.... , .,,,.,. • ID.00 I ..., 4 -2'1+71 • ,,,..., ' - 0 IUU7 I -,,,..., .... I tca7Jll 0 ..., 2 IDU7 

.... 127 .. • ID.00 2 - 4 -.., ..... .., I ., ... , - • ..,, . ..... ,. • ID.oD I Ml7Jll I .,a.a ... , .. ......, I ., ... 0 ..., 2 ..., 

.....,.a..71 I 110l.77 I ..,,. I Rll.9 ,.....,. ........ 1 ..., , - I lolZfJll ...... ..,., 7 ID.oD 1 - I ..,,. ............ • '10l.77 I - .. 112DJIZ ........ ' - 0 - 2 -.... m.11 • .. I "27.DI I ..a.a 
m.11.-... I Ml7Jll 0 - I .. ..., ......... ,, t •• 2 ..., • .... .. ,, .... 7 •• I IUU7 ' -..... ....,, I MZ7Jll 0 - 2 -.... .,. 2 ...,,. 1 ..., I "27.DI ., ....... 4 - 1 ..., I "27.DI 

-...112+11 • - , ...., I "27.DI 

112+11 • .,., .. I "27.DI • ..., 2 -,,., ... szz.., 2 ..., • ..., 2 IUU7 

SZZd7·1Z7• • ID.00 s "27.DI • •11.a 
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m.a.m.zs 3 '427.0Q 0 $.S.33.17 2 IS3'3.l7 

m+23 • 33li..6, 2 1533.87 0 1533.17 2 1533.17 

331..al·3'3+7'11 2 1533.17 0 1533.17 2 1533.17 

"3+7'11· 5'M1 1 1633.17 0 1633.17 2 1533.17 

MW7 • S64...:s5 I 1213..55 , 1533.17 s '427.09 

~ ... ' *320.32 2 1533.17 ' S32D.32 

35'4«1·*'"11 s t.427.ot 1 l53:l.l7 s t4Z7.ot 

......., • S7'0+tt • I0.00 • t101.T1 7 I0.00 

37().11· 31W7 5 1213.55 , 1533.17 3 1427.ot 

S7$.47 • 3I0+71 1 IAS.17 0 l53:l.l7 2 11531.17 

380.75. 3ll.Cl3 2 1533.17 0 1533.17 2 1533.17 

...... ,441 , IUS.l7 0 1133.17 2 ~ 

.,~, .... 7 ID.CO s ..27.ot II li21SJll 

..... 401...r 12 (121"5) ' 12ts.!ll 7 I0.00 

401..-T. 407+111 t1 (t10l.17) 2 IAS.17 ' 1:12C.32 

407+11·411~ 11 (IUU7) I 12tUI 7 I0.00 

412~. 417+71 7 I0.00 1 IAS.17 s M27.ot 

,,,.11 . 422• • tlOl.17 1 l53:l.l7 s 1427.ot 

422•·'21+27 12 (121"5) I (121"5) 7 I0.00 

cu.D·-.sl • I0.00 ' '320.32 • '1111.77 ........ • flOl.77 1 1133.17 s 1427.GI ............. ,, • tlOl.77 • tlOl.77 7 I0.00 .... ,, ....... 4 &m.32 2 ll:D.17 4 '320.SZ ....... ~ 2 ...., 0 IAS.17 2 '53S.l7 

~ ....... • ltOl.77 2 IAS.17 4 1131.SZ .............. • I0.00 ' llZl.S2 • 11111.17 ....... ,,,.,.., , IUU7 0 1133.17 z ...., 
sa.._. ., ..... "'.aM.az 115..m.GI 

I TOTAL ... 121.51 •.ma I 
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MEASUREMENTS, SPECIFICATIONS, 
AND ACHIEVEMENT OF 

SMOOTHNESS 'FOR PAVEMENT 
CONSTRUCTION 

SUMMARY Tbe concern about the smoothness of highway surfa.ces precedes the development 
of motorized vehicles. In the early days., the simple straightedge was used as the sole 
indicator of smoothness. But even before the turn of the century, cffons were directed 
at developing improved devices for smoothness evaluation. From 1900 to near midcen­
tury, numerous devices of increasing complexity were invented. These were primarily 
meclwiical devices with elaborate multi-wheeled suppon systems. Advances in several 
technological fields have now been applied to smoothness-measuring equipment. re-
1u.hing in the incorporation of elec:trical circu.it:ry. elecuouics. ultrasonics. lasers. and 
computerization. 

Although the early devices were primarily of concern to the praeticing en;:nec:r, the 
advent of test road c:omuucUon brought the n:searcb engineer onto the scmc.. Many 
devices were developed in connection with specific nsearch effons. Tbe automotive 
industry became intercs1ed because of the effect that certain types of pavement bad on 
motor vehicles. la recent years highway managers have recopa.ed that the public rates 
a bigbway primarily on iu rid.ins cbarac:lcrisdc. Thus it ii necessary to program an 
increasing amount or highway funds to address the issue of pavement smoothness on 
a system-wide basis. 

As a consequence. sevenl smoothness-measuring devices have been developed and 
are in current use. Tbe fundamentals of operation, cost, and appropriateness to address 
a specific need vary considerably. Cenain devices are far better suited than others to 
the purpose of controlling the smoothness of newly constructed pavemenu. Therefore, 
it is imponant for those concerned with obtaining smoothness in construction to be 
aware of the equipment -best suited for that purpose and the relation of that equipment 
to the entire spectrum or smoothness-measuring devices.. 

Smoothness-measuring equipment currently used in new pavement c:onstruction 
includes straigh1ed3es (static and rolling), profilographs. response-type road· 
roughness-measuring systems. and inertial profilomete:rs. All agencies use a straight· 
edge-• few as the sole approach to smoothness control, but most as an adjunct 
to other equipmenL The type of instrument receiving increased application is the 
profilograph. either the Calif omia or Rain.ban type. These devices are similar in that 
they ponray graphically certain characteristics of pavement smoothness. are relatively 
simple mechanical devices. can be used on new conc:rete pavement surfaces IOOD after 
construction. are low-cost/low-maintenance devices. and provide information that is 
readily acceptable by specifying agencies and the c:on.struction industry. Profilograpbl 
provide an analog trace to which specification tolerances are applied. The traces can 
be used to locate specific pavement features in the field. The primary disadvantages 
with this type of instrument are the slow speed of operation (3 mph) and the time 
required for evaluating the profiles. although the latter item bas been addressed by 
computerized models that are now available. Other disadvantages include the exaggera­
tion and suppression of pans of the surface wavelength specu:um, the occasional 
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esclusioD by the blankina bud of surface inqularitia that may be of importanc:c. and 
a mediocn: correlation to other reference roughnm ltl.Ddards. 

Other deviccl being used iD e:Y&luating smooth.nm of aew c::onstruction. iDclu.diDg 
nspome-type rmd-rou,ime.ma.sming l)'ltCml and inertial profilometcn. are used 
considerably less often than protilog:rapbs for a variety of reasons. They are not able 

to be USdd on concrete pavements for a considerable time after paving (i.e., until the 

c:oacrete pins sufficient strength), they don't allow ready identification or location of 
pavement surface aberrations, and, in some cues, they are very costly items. However, 
they can operate at high speeds; thus a considerable amo~t of data can be obtained 
at a lower cosL Also, the smoothness statistic is achieved with little or no manual 
processing. High-speed equipmc:Dt. bas its greatest application in entire highway system 
usemnent, research applications, and for calibration purposes. 

Numerous research efforts u well u sympmia and workshops have been directed 
toWard pt'QViding information on the me of smoothness-measuring equipment. Al­
though there arc vast differences in equipment types and their ultimate application. 
the n:laticmships of several smoothnesa indeses have been compared and are reasonably 
well defm.cd. ' 

A survey of practices in use in the United States and Canad• revealed that the.re is 
a wide diversity iD the use of smoothness specifications and equipment. However, 
emphasis on smoothness by specifying agencies, together with suong suppon from the 
CODSUUction industry, has led to the attainment of increasingly smoother pavements. 
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STATE MANAGEMENT SYSTEMS: Pavements 

National Perspective on 
Pavement Management 

.. , ... 

' 

he nations highway network 
represents a mulubillion dollar 
investment that allows for the 
essential movement of people 

and goods. 
Sound decisions on preventive matnte· 

nancc, rchabthtauon, and rcconstrucuon 
<>f highway pavements are crucial to pro· 

. tecung that investment. for this reason. 
Pavement Management Systems (PMS) 
have become increasingly important and 
are now federally mandated on all fed· 
aal-a1d highways. PMS provide valuable 
assistance to dec1s1on makers in deter· 
manmg cost-effective strategies for pro· 
nding and matntammg pavements m ser· 
nceable condttaon. 

History of PMS 

L'nlike other management systems that 
have begun in. recent ~·ears. PMS were 
started two decades ago. Although they 
have made steady progress since that 
ume. they are sull new compared with 
other institutional functions such as plan­
ning. design. construction. maintenance, 
and research. 

By the m1d· l 980s BMSwere proving 
themselves and the benefits were being. 
documented. By the end of the 1980s 

frank Botelho is Chief, Pa"emcm Manage· 
mt'nt Branch, Federal Highway Adminis· 
iration. 

FRANK BOTELHO 

more than half the states were developing 
or 1mplement1ng PMS. In 1989 the Fed­
eral Highway A.dmimstrauon (FHWAl 
issued a pohcy requmng all states to have 
a P\fS that would cover pnnc1pal artenals 
under the states· 1unsdicuon. It was there­
fore apparent to FHWA that a PMS was 
needed by all to ensure the cost·effective 
expenditure of Federal-aid funds. 

The scope of federal and state involve­
ment in PMS expanded when Congress 
passed the lnte.rmodal Surface Trans­
ponation EC£iciency Act of 199l (lSTEA) 
and required all states to have a PMS that 
covers all Federal-aid highwllys. The most 
significant aspect of this law was the 
expanded network coverage. FHWA's 
1989 policy covered 313,700 centerline 
miles and lSTEA approximately tripled 
that coverage. increasing it to 916.200 
centerline miles. This expanded coverage 
translates into a need for significant coor­
dination among state and local govern· 
ments. For example, of the total of 
916.200 mdcs covered, 365,200 arc under 
local jurisdiction. 

In December 1993, FHW A issued a ttg· 
ulation covering all management systems. 
Section 500. Subpan B. of the regulation 
describes the lSTEA requirements for PMS. 
The follow\ng items are notcwonhy: 

l. The regulation is nonprescriptive; 
2. Federal-aid funds arc eligible for the 

development, implementation, and an· 
nual operation of a PMS; 

3. States must develop their work plan 
by October 1994, designed to meet the 

9. l. l 

1mplementatton requirements; 
.f Standards are included for the 

'."auonal Highway System (~HS}: 
5. The PMS for the NHS must be fully 

operauonal by October 1995; 
6. The states have full flexibility to 

develop the standards for the PMS that 
cover the non-'.'JHS routes; 

7. The PMS for non-NHS routes must 
be fully operational by October 1997: .md 

8. PMS mformauon must be used as 
input into the development of the metro· 
pohtan and !>1.atew1dc transponauon 
plans and improvement programs. 

Secuon 500 207. P\1S Components. 
contains the components of a P\.15 for 
highways on SHS .. There arc three pri· 
mary components: data collecuon. analy· 
ses, <ind update. The components under 
data collection intlude 

!. lnvtntory: physical pa\·ement fea· 
tures includin~ the number of lanes, 
length. width. surface t>·pe. funcuonal 
class1ficauon. and shoulder mformauon: 

2. History: pro1ect dates and types of 
construction. reconstrucuon. rehabthta· 
tion, and preventive maintenance: 

3. Condition surYey: roughness or ride. 
pavement distress, rutting, and surface 
friction: 

4. Traffic: volume. vehicle type. and 
load dau.: and 

5. Data base: compilauon of all data 
files used m the PMS. 

The components under analyses include 
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l Cc>•1dmc>n ,1n(.l/.ls1s nde. distress. rut· 
ttng .. ind surfJce fncnon: 

~ Paf,'mlllnLt' .uwl\ >IS p;l\ t:ment per­
:,1rmance JnJh sis .ind .in ~snrnate of 
<1:m.1intn§l "::r.1ce life: 

3 ln1n11>1011 c11111h>i, Jn ~s11ma1e of 
·1c:\\<Jrk .ind rrP1ect [c-,,·I :n\<::>tment 
,,:.ltc'-':es ~'i<">c ::-:ciuJc -1n'ile· .1nd 
::-i'.1ill·,e.ir pcrtL•J JnJh>es and ;hould 
,.,ns1J.:r lilc·C\'de cost e\aluauon: 

.. E11,\(l'1t'c'rlrJ.I( cllluh SIS e\'JlUJtlOn of 

Jcsign. c0ns1rucuon. rehab1h1at1on. mate­
rials. 'l11x designs. and maintenance: and 

5 f,·,Jbuclt c111lth m c\ aluatlon and 
updaur..;: Jf procedures Jnd cahbrauon of 
rd.it10n,h1ps usm~ P~IS performance 
Jac:1 and .. urrent engineenng .:mena. 

Advantages of P\15 . 

:\ P\-IS mvolves a svstematic approach that 
supplies quanufiable engmeenng mforma­
uon to help h1ghwav engineers and admtn· 
1str.ttors manage highway pavements. The 
total dec1s1on-making process 1s based on 
mfonnation from P~S coupled wtth engt­
neenng experience. budget constraints. 
~cheduling parameters. management pre· 
rogauves. public input. political consider· 
Jt10ns. and planning and programming 
factors. 

The purpL'>e 0f J P\IS 1s 10 enhance 
the 1\J\' Jn Jgenc' manages Jnd en~meers 
tht'. prrs.:rvJ110n 01 ib p.i\emt'.nt network. 
\ P\!S brings tv the tJble ·condmon 
J.itJ. the past. present. .ind predicted 
future ~0nd1110n vf the pavement net· 
\;,irk. Cc!uplt'.d \\Ith 1m·enwn·. prnJe<.:t 
h1st0rv. Jnd ~.>~t Jata. J P\b <.:Jn perform 
J m\'nad vf engineering. management. 
and \O\'estment anal,ses. 

:\. P\15 helps pro\'lde the engmeenng 
1usttticauon for J mult1\'ear network-level 
pavement preservauon pr015ram. It can be 
used to r.".CJ.Sure the cost·dTecuveness of the 
presen:at•vn progr.lm and in domg so 1t can 
determine the value .idded to the assets. 
\\hen all the 1nformauon m .i P\tS is ana· 
ly:ed 1 mdudmg key Items such as the 
remammg SCl'\1ce 11fel. an agency can deter· 
mme 1f it IS metung its own goals .. Somt 
baste quesuons a PMS should answer are 

• ls the network in acceptable condi· 
uon according to the agency's policy? 

• Is the trend in condition staying the 
same. improvtng. or declining? 

• Is there a backlog, and ff so. how 
large is at? 

A PMS should uplore and seu:e 
opponunities to txtend the servtct life of 
pavements--a major mvestment in the . 

!STEA requires that states have pavement management systems covering all Fcderal4id 
highways. many of which are under local jurisdiction. 

6 TR ~ews l iJ. jul'."-August 1994 
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future of the nat10n; infrastructure r:11s 
1NJl -:an be J'cvmpltshed b\· usinl! :he 
:nfurmat10n in J P\IS d.Ha base, 1 e per­
f0rrnance J.iu 1 to ~v.1luace how ·.\di 
pa\·emems Jre designed. cunstructed .. md 
m.1inta1ned. The quJllt\' ,if engineerrn~ 
Jnd the mJtcn.11; used Jre of the utmo>t 
1mportanct: beCJu,e these fJctors deter­
mine the r:11e Jt "h1ch pavements deren­
,1rate ln general terms. J P\IS should 
help JCC('mpltsh work more dfic1entlv 
.ind proVlde a wav to me:isure how well 1t 
1s i.:arried out 

P\.lS Perspective 

The following rs an 1tcm-bv·1tem perspcc­
uve l.>O current practices. future trends. 
and common hurdles in P~S. 

Inventory 
Most. 1f not all. states have an inventory of 
the physical features that are on the sur­
face of the pavement (i.e .. number of Lanes. 
length. wtdth. surface type. funcuonal rl; 
s1fication. and shouldt-r mfonnauor. 
number of states arc lacking mformw: 
on features that he bt-low the surface 
because of the ume and expense involved 
m conng tht pavement. The newest 
proven technolo~• ':e,nv, used bv tht' states 
to measurt pavem.:::t l:i~·er thicknesses is 
ground-penetraung ~ ai..lar. When calibrated 
.md using computer •milvsis. ground-pen· 
etraung radar can meJSure pavement !aver 
thickness withm plus vr minus 5 percent 
for matenals that have different d1elecmc 
constants. State-vf-the·art equipment opcr· 
ates at h1ghwav speeds that makes It fast. 
safe. and cost-effective. 

Project History 
Most states do not have a complete prOJ· 
ect history u.e .. prcvenuve maintenance. 
rehabtlitauon. and reconstrucuon data} 
for the !:'JHS. Maintenanct information is 
the weakest link. Most states have 
recently developed. or are m the process 
of developing, a PMS hie for preventive 
maintenance activmes. In case, for which 

.. it is impracucal to resurrect fr, pavement 
- history because of ume, labor and cost. 

agencies arc now beg1nnmg t..:> track the 
pro1ect history. • 
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Roughness 
The w.:hnoiogv for measuring pavement 
roughness .it the network level generallv 
bc::g.rn wnh response-tvpe dences. fol­
!,'" ed bv ultrJsomc Jnd visible optical 
de\·1ces The future trend 1; toward 
mtrJred c'pncal Jnd bser pr,>hle de\lces 

Ru tung 
\\hen !".IS \~Js first introduced 15 to 20 
'e.irs ago. rutting was measured usmg 
>tr;:nghr edges and smng lines. Dunng the 
past 10 \'ears. most state highway agencies 
t SHA l have acquired automated deVlces 
that measure rutung at highway speeds. 
These are l\1'1cally ultrasonic de"1ces wnh 
either three or fh·e sensors. There are two 
other devices: one has 19 ultrasonic sen­
sors and another has 11 lasers. 

Cracking 
In general. cracking is the distress that 
·dnves· most PMS. For many years, 
cracks were measured using trained sur· 
\'Cy crews who walked or drove on the · 
pavement. There arc tw~ types of driven 
surveys: slow and highway speeds (typi­
cally 40 to 50 mph). Currently. various 
SHAs use 35-mm film and super VHS 
vtdeo to photograph the surface of the 
pavement. The film and videos are then 
viewed on a monitor at an office work· 
stauon by a trained observer who per· 
forms the distress survey. 

View1ng a film or video at an office 
workstation is safer and more convenient 
than conducting a walking field s1uvey. 
However. pavement management engi· 
neers using walking surveys are able to 
detect more low-severity distresses than 
they can by watchmg a film or video sur­
vey because of its limited resolution. 

A number of PMS engineers believe the 
opumum system is a fully automated 
approach chat uses the science or pattern 
recogruuon. This type oc..-n videotapes 
the pavement surface. e:n1lances the images 
using gray scales and pattern recognition. 
and counts the cracks using computer soft­
ware and algorithms. The obvious advan­
tages of this.type of system are high-speed 
data processing. safety. labor savings. and 
consistent data. Fully automated system5 
have now been ~ped.. including one by 
the Texas Depanment of Transponaaon. 

Pavement management syslt!m.s provide valuable help in detenniniag cost-effecme 
strategics for providing and maintaining pavements in serviceable condition. 

Structural Carrying Capacity 
Only a handful of states are currently 
measuring the structural carrying capac­
ity or their pavements at the network 
level using deOection measumnenrs. Net­
work-level measurements are not 
intended to have the same degree of accu­
racy as project dcsi.gn measurements. 
States that collect network-level data have 
shown them to be good general indicators 
or the overall cmying capacity of the net­
work. These types of data and analysis 
can flag attention to special situations; for 
example when certain roads appear to 
have less carrying capacity than needed. 
Stationary deflection-measuring devices 
do not lend themselves to networ"·level 
PMS because the process is slow and 
costly. In the future. PMS will need a 
deflection-measuring device that operates 
at or near highway speeds. The deflection 
measurements obtained from a ~rolling 
deflectometer; as it is known, and the 
pavement layer thiclcnesses obtained from 
the ground-penetrating radar. are u.sed to 
compute the structural carrying capacity 
of the pavemenL 

9.1.3 

Performance 
Most states have the raw data needed to 
monitor and predict pavement perfor­
mance. which lS typically measured as 
condition or serviceability over a penod 
of time. Currently half the states have 
performance curves, one-quat'ter are 1n 

. the process of developing performance, 
and the remainder are not yet acuve. 
Excellent off-the-shelf software packages 
that PMS engineers can use for regression 
analyslS are available. In the future. these 
software packages. coupled wuh today·s 
high-speed and ever-more-powerful PCs, 
will enable PMS engineers to track and 
predict performance on a "route-specific• 
bastS. This capability has already been 
proven and put into operation in at least 
someSHAs. 

Traffic and Load Data 
PMS need average daily traffic ilow maps 
and equivalent single-ax.le load (ESAL) 
flow maps on a route-specific basis. Cur­
rently all SHAs have traffic flow maps. 
However. few SHAs have or can produce 
ESAL flow maps. Most traffic-collection 
procedures are geared toward collecting 
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tr.lff11.: \·olumes. "h11.:h J.re pnm;inlv used 
bv highw;iv engineers Jnd pl.:inners for 
-:Jp.lc.:lt\ .rnah">1s. l'ntil P\15 ..::ime .llong. 
there \\.:is no need to colle<.:t tr::iffic dJtl 
fur lo..iJ .inJh sis on a route-;pec1fic basts. 
L nf0rtunatek for P\15 engineers. collect-
1n11; IL)J.d J.it.1 L'n J route-speuf1c basts ts 
more e><pt:n~1\'e rh.in the e:usung traffic­
..;,_1llectlon process and Lt ts not known tf 
the .iddtt1onal expense \which has not 
been calculated for each state) ts JUSttfi­
able. \tore study is needed on this topic. 
\!any PMS engineers and planners believe 
that better traffic- and load-prediction 
models are needed. 

Ranking Projects 
The backbone .ind heJ.rt of a PMS i~ 1t~ 
ability to rank in pnonty order pavement 
preservauon projects that are jusufiable 
and cost-effecuve. The most important 
phrase in the new (December 1993) 
FHWA regul:iuon on management sys­
tems ts the requ1re(Jlent that PMS for 
~HS produce ~a pnoritized list of recom· 
mended candidate projects wuh recom­
mended preservauon treatments chat span 
single·vear and multi-year periods using 
life-cycle cost analysts." Currently most 
state PMS do not produce a multiycar 
ranked llSl of projects Wlth recommended 
treatments using life-cycle cost analysts. 
but are expected to have this capability in 
the future. . 

Remaining Service life 
Octermmmg ·remammg service life• is a 
requirement in the new regulation for · 
:"-JHS. Currently only 10 SHAs perform 
thts analysis. but m the future it is antic· 
1pated that most will £ind thi.s an unen­
cumbered task. lt tS important to monitor 
the long-range health of a network and 
this analysis enables managers and pro­
grammers to maintain a ·steady state" in 
their muluyear workload and budgeL -
Relational Data Base 
A PMS cannot automatically, systemati­
cally. conststendy. and efficiently function 
wnhout a "relauonal data base" because 
the amount and 1.omplcxity of data cannot 
be computed 11Wnuaily for a typical state 
PMS. Curnntlv r:alf the SHAs have rela­
tional data bases, one-quarter are develop--
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ing them .. mJ l he n::m.1muer .ire n<•t .l<.:tt\'e 

:it the pre,.;nt 11me G1\en the ;tJte·of-the· 
.:in CJpabdu1es in rel.at11.rnal Jara-base 
managemt:nt ;vstems. H 1s ..1nt1upated that 
must SH . .\s <1. tll ha\·e relauon.il data bases 
in the near future. 

Cniformity 
Currently chere 1s little-to-no umformnv 
among the states in the wa\· they mea­
sure. collect. and report PMS condmon 
data. The reason 1s that .ill states devel­
oped their P'.\ltS independently This inde· 
pendence, or course. has many advan­
tages for des1~n:r•~ a P'.\.IS to meet the 
needs :tnd ob1e·:~" ~s of .in, .1gency. But 
states ue at .l Ji~ildvantage "'lhen com­
municabng wnt: "!tch other about basic 
condmon informauon such as roughness. 
rutting, and crackmg. They will ftnd a 
lack of unifonnity, which means that they 
cannot communicate or help each other 
to enhance thts area 0£ PMS. Efforts are 
under way and accomplishments have 
been made by ASTM and the Road Pro· 
filer Users Group (RPUG) that deserve 
commendation. The other management 
systems such as bridge and safety already 
have national standards for data collec­
tion and reporting. 

PMS will benefit if the 50 states. 
Pueno Rko, and the District of Columbia 
agree to adopt more un" rm rnethods to 
collect and report condit~, n ::ata. Future 
effons by ASTM: RPUG; ~1rateg1c High­
way Research Program. Lmg·ferm Pave­
ment Performance; FHWA; and the 
American Association of State Highway 
and Transportation Officials' Task Force 
on Pavements are atmed in that direcuon. 

ln--Housc and Outside Resources 
Pavement management is a procedure 
that includes a wide variety of technical 
components. Some of these require a high 
degree of technical skill to develop and 
implement. whereas others require a high 
concentration of effon to establish. Each 
agency should carefully and objectively 
weigh its in-house capabtlitics. and if it 
does not have the resources, at should 
sertously consider seeking assistance from 
a consultant or a universuv. In the long 
run. it will save a lot of ume and money 
and result in a better final producL. 

9.1.4 

Staffing 
The biggest pr,iblem the -tJt.:-; fJu~ · :i 

de\dopmg. 1mplemi:ntmg. up<l..1ung . .1nJ 
._1perJrmg l P\IS is ;taffmg Thi:re 1s ..1 -;1g­

nif11;anc shortage of people who unaer­
>tJnd P\15. l'nce emplo\ees .1re 1ramed 
Jnd gJ1n ~1.,.ne .:xpenence. the\· .ire uft.:n 
prnmoti:d ~'r transferred tu o!her JObs F.x 
the past fi\·e <ears. the Jnnu.11 turno\·er 
rate of state P\!S engtneers has be, .. 
approxtmarelv .!5 percent. Thi: 
incentives for early reuremem• ·:J\c 
fueled that rate m the past two vears Cc:n­
eral!y. most SHAs have vnh <J'le pers-·n 
who oversees the man..1~em.:n• and dailv 
operauon of the compiete P' 1$ program. 
and when that person leaves. most often 
the P\1S shuts down. This sttuauon 
occurs quite frequently and because of the 
current budget constraints and staffing 
ceilings in most highway agencies. 1t ts not 
likely to improve. L'nfortunately there ts 
no quick fix to this problem. 

Future Implementation of PMS 

ln gauging the future success of.11 
menting PMS as called for m ISl. 
organizations must first decide whether 
they are serious about PMS. If so. and chc 
commument 1s made to do che work. sup­
plv the res.:>urc.:es. and use the svstem. 
then P'.\ltS use 1s likely to be successful. 

Students in the·nation·s colleges .ind 
universmes wtll provtde the life blood for 
PMS in the future. Currently H ;uch 
msututions offer courses on P\15. but 
more are needed. FHWA and SHAs 
should support academia in provtdmg 
more educauon about P\.tS and other 
management systems. 

The largest msmuuonal obstacle fac­
ing PMS today 1s accepcance by all man­
agers and engineers tn all agencies 
(including federal. state. and local). The 
reasons for this are many. The future 
holds more hard work for those who are 
senous about pavement management. Arch
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NOTICE 

This paper was prepared in the interest of technology sharing. It 
is not intended to be an all-inclusive discussion of the pavement 
data collection equipme,nt available today. 

The paper is distributed under the sponsorship of the Department 
of Transportation. The contents do not necessarily reflect the 
official views or policies of the Federal Highway Administration, 
and the United states Government assumes no liability for its 
contents or use thereof. This paper does not constitute a 
standard, specification, or regulation. Trade or manufacturers' 
names which appear herein are cited only because they are 
considered essential to the objectives of the paper. The Federal 
Highway Administration does not endorse products or manufacturers. 

Additional copies of this paper are available by contacting: 

Federal Highway Administration 
Pavement Division (HH0-11) 
400 Seventh St. s.w. 
Washington, o.c. 20590 
Attn: Bob McQuiston 
Phone: (202) 366-1337 
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AUTOMATED PAVEMENT DATA COLLECTION EQUIPMENT 

PAVEMENT MANAGEMENT 

Our nation's pavement network, much like the national population, 
is growing older. Resources to meet the needs of pavement 
preservation continue to fall short of existing needs, and the gap 
can be expected to widen as we approach the twenty-first century. 

In order to address pavement needs, many agencies have turned 
toward a systematic process for Pavement Management. The AASHTO 
Guidelines on Pavement Management define Pavement Management as 
"the effective and efficient directing of the various activities 
involved in providing and sustaining pavements in a condition 
acceptable to the travelling public at the least life cycle cost." 
Simply stated, the purpose of Pavement Management is to get the 
most bang for the buck. 

An effective Pavement Management System encompasses many of the 
disciplines within an agency's organization. These may include 
planning, programming, budgeting, data collection, design, type 
selection, construction, materials, research, maintenance, 
monitoring, and performance evaluation. The Pavement Management 
System draws from these disciplines, providing feedback to assess 
the adequacy of important decisions such as selected 
rehabilitation alternatives. Through the systematic Pavement 
Management System process, the individual disciplines may be 
constantly evaluated, refined, and improved. 

In order to preserve pavements in a cost effective manner, the 
pavement condition for the agency's entire system, or network, 
must be known and periodically monitored. The condition of all 
pavements deteriorates with time and traffic loading (Figure 1). 

Rehabilitation 

" - - - -
' \ Minimum 

- - - - - ~ - -Acceptable 
:revel 

--+ 
TIME am WADING 

Fiqure 1 - Pavement Condition vs. Time and Loading 
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Following initial construction, pavement condition deteriorates 
slowly at first, then more rapidly as load applications are added. 
At some time after initial construction, the condition 
deteriorates to a minimum acceptable level at which time the 
pavement is rehabilitated. The condition is improved to a point 
above its minimum acce~table level, depending on the type and 
extent of the rehabilitation performed. This process continues 
indefinitely for every pavement section on the network at varying 
rates depending on variables such as design, construction, soils, 
materials, drainage, environment, loading, etc. 

The minimum acceptable level varies depending on the 
classification of the pavement. For example, the minimum 
acceptable level for a heavily travelled Interstate facility can 
be expected to be considerably above the minimum acceptable level 
of a local service road. 

If an agency is to make the most effective use of its scarce 
resources, then maintenance, rehabilitation, and reconstruction 
should be performed at the proper time (Figure 2). As the slope 

' • ..... 
Figure 2 - Pavement Rehabilitation Cost vs. Time Performed 

of the pavement deterioration curve changes from a horizontal line 
(zero) to a l·ine approaching vertical (infinity), the incremental 
cost to repair an equal number of additional loads increases 
considerably. In a very short period of time the cost to 
rehabilitate the pavement to an equivalent level of serviceability 
may double, triple, or more. 

Effective Pavement Management begins with the collection of the 
most reliable, consistent, and objective pavement condition data 
obtainable. The technological explosion of the past 10 years has 
permitted a tremendous improvement in the types, accuracy, repeat­
ability, reliability, and degree of automation of available equip­
ment to collect this data. Significant improvements are now being 
made annually, and can be expected to continue in the years ahead, 
especially in the area of automated crack detection technology. 
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CONDITION SURVEYS 

Pavement condition data is collected by means of a condition 
survey. In past years, condition survey teams, made up of trained 
raters, walked or drove along the pavement and recorded 
observations of the pavement condition (Figure 3). On some 
networks, this technique is still in use. 

-- - - - -~~T 
~/~ .·. .-] 

-.-~ 

Fiqure 3 - Condition survey Team 

Depending on the size of the network, one or more teams obtain the 
condition data. This data may be collected either for an entire 
network or statistically representative samples of the network. 
The productivity, accuracy, repeatability, reliability, and 
sampling intervals are related to the team•s speed and the amount 
of data required. The limitation of this type of survey is its 
slow speed, the data collected is subjective and often varies from 
one observer to another, and the team members are exposed to 
traffic. Variations in the data collected inevitably result. 

The use of high speed automated equipment is becoming more 
prevalent. While human observers are more versatile and creative 
than automated equipment, machines are fast, objective, tireless, 
consistent, and generally less disruptive to traffic because they 
travel at high speeds. Some State highway agencies (SHAs} have 
been moving toward automated pavement data acquisition. This 
trend is expected to increase in the years ahead. 

AUTOMATED DATA COLLECTION 

Most SHAs rely on four important pavement condition measurements 
to determine priorities for maintenance, rehabilitation, or 
reconstruction. These measurements generally include skid 
resistance, deflection, roughness, and distress. This paper 
provides an overview the state-of-the-art practice in automated 
data collection equipment. 

The concept of automated collection of these and other desired 
data is not a new one. A roughness device was developed as early 
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as 1923. The Bureau of Public Roads (now the Federal Highway 
Administration) standardized the BPR Roughometer, a devise to 
measure ride, in 1940. Automated procedures have been used to 
measure skid resistance since the 1940's, structural capacity 
since the 1950's, and distress since the early 1970's. New 
technology has been de~loped for various uses and is now being 
adapted to pavement evaluation. Examples are the use of non­
contact transducers (sonic and ultrasonic probes, incandescent 
light, and lasers), ground penetrating radar, stress waves, still 
photography, thermal infrared photography, and video technology. 
Each of these areas is undergoing continuous change and constant 
improvement as more public and private funding is provided to 
develop the technology. 

A SHA may realize cost and time savings through the proper 
selection and application of automated equipment for Pavement 
Management. Larger networks may realize greater savings by using 
automated devices. The most commonly used devices to collect 
skid, deflection, roughness, and distress data, and the equipment 
which may be seen in the future is described in the following 
sections. Appendix A contains a partial list of the commercially 
available equipment to collect pavement condition data. 

Equipment tor Skid Data Collection 

Pavement skid resistance or surface friction is measured to 
evaluate pavement safety. Skid resistance varies with many 
factors such as pavement material, texture, aggregate type and 
amount of polish, temperature, type and amount of foreign material 
such as rubber, oil, grease, and dust on the pavement surface, 
water film thickness, and tire type, condition, inflation, tread 
pattern, and material composition. 

Pavement skid resistance is usually measured directly through the 
use of locked wheel skid trailers. The trailer is towed over the 
pavement surf ace at a speed of 40 mph or higher and water is 
applied in fr.ont of the test wheel (Figure 4). The test wheel is 

Figure 4 - Locked Wheel Skid Tester 
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locked by a brake, and after it has been sliding along the 
pavement for a certain distance the force that the friction in the 
tire contact patch produces or the resulting torque on the test 
wheel is measured and recorded for a specified length of time. 
Either a ribbed tire or a smooth tire can be used to perform the 
test. The ribbed tire 'is insensitive to the pavement 
macrotexture, allowing water dissipation through the tire grooves. 
The smooth tire is sensitive to the macrotexture. 

Standard procedures (ASTM E 274-85) have been developed for the 
performance of skid testing with the locked wheel skid trailer. 
The result of the test is reported as a skid number. on-board 
computers are now being used to record and calculate the skid 
number,. as wel 1 as to plot skid number versus speed, and peak 
incipient friction, if desired. 

Another device available to measure skid resistance is the mu­
meter (Figure 5). 

Figure s - Mu-Meter 

The mu-meter, like the locked wheel tester is trailer mounted. It 
uses smooth ~ires, yawed at equal but opposite angles to measure 
side friction force. Operation procedures are similar to the 
locked wheel trailer. On highway pavements the mu-meter may not 
provide an accurate indication of the pavement skid resistance due 
to the location of the narrowly spaced trailer wheels. The wheel 
paths of the mu-meter wheels generally fall between the normal 
wheelpaths of highway traffic. The use of the mu-meter has 
declined on highway pavements during the l970's and l980's. 

New methods to improve testing efficiency and reduce skid testing 
costs are being studied. Recently completed research indicates 
that the spin-up tester may produce accurate results at lower 
costs. Like the locked wheel tester and mu-meter, this device is 
also trailer mounted. Testing begins following the locking of the 
wheels, and continues after the release of the brake until the 
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wheels reach full angular velocity. The time interval between the 
moment the brake is released and the achievement of full angular 
velocity is indicative of the skid resistance of the pavement. 

Automated equipment is now available and being refined to measure 
or correlate skid data ~ndirectly with lasers and video 
technology. Two indirect methods to collect data for skid 
correlation are under development. Devises using laser sensors 
are capable of measuring the macrotexture of the pavement surface, 
which has some influence on skid resistance. 

Video technology may also hold promise for the future, but has not 
yet been fully investigated in the United States for the purpose 
of correlation to skid resistance. A device known as the Yandell 
Mee Texture Friction Device is now in operation in Australia. The 
device uses a video camera, tracking device, and image enhancement 
to capture an enlarged video picture of the pavement surface. An 
on board computer collects the data. Software performs a 
statistical analysis of the texture, and produces output data on 
the locked wheel braking force friction and the sideways 
coefficient of friction. 

Equipment for Deflection Data Collection 

Measurement of pavement structural carrying capacity provides 
valuable data for the selection and design of a pavement 
rehabilitation strategy. Until recently, deflection was only 
collected and used at the project design level, but now several 
SHAs collect it at the network level, and the trend in this 
direction will probably continue. 

Stronger pavements deflect less than weaker ones, and support far 
more traffic loadings. Deflection measurements are taken through 
the measurement of a deflection basin which is created by 
application of a load to the pavement. This load may be applied 
in several forms, such as by parking a loaded heavy vehicle of 
known axle loading, or by dropping masses onto the pavement 
surface. The load applied to the pavement surface creates a 
pavement deflection basin (Figure 6). The size, shape and depth 
of the deflection basin represents an overall system response of 
the paving layers and the subgrade to the known load. When the 
load is applied, all layers deflect creating strains and stresses 
in the supporting layers. 

Differences in the size, shape, and depth of the deflection basin 
can be measured both at the surface and the underlying layers. 
Deflection will most often be measured at the pavement surf ace for 
network or project level analysis. On some research studies 
measurements may be taken at various depths in the pavement 
section, such as at the asphalt-aggregate interface, and the 
bottom of the subgrade. 
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Fiqure 6 - Typical pavement deflection basin 

Many factors influence the measured pavement deflection and 
interpretation of the results requires a thorough analysis. As 
the load is increased the pavement deflection will also increase, 
but not linearly, since most pavement material properties are 
stress dependent. Factors influencing the measured deflection 
include the pavement type, stiffness of the pavement/subgrade 
system, location of the test, proximity to joints or cracks, 
location of drainage structures, variations in soil composition 
and moisture, and voids beneath the pavement structure. Climatic 
factors such as temperature, thermal gradients, moisture, and 
depth of frost greatly affect the results, as does the season of 
the year in which the tests are taken. All deflection data should 
be adjusted to a constant temperature and season prior to plotting 
or use. Proper procedures must be followed for temperature and 
seasonal corrections to obtain reliable results. 

' 

Four classes of equipment exist to measure deflection: static 
deflection equipment, automated beam deflection equipment, steady­
state dynamic deflection equipment, and impulse deflection 
equipment. 

Static deflection equipment 

Static deflection equipment is used to measure the deflection of 
the pavement to slowly applied loads. The most commonly used 
static deflection device is the Benkelman Beam, a 12-foot beam 
pivoted at the third point. The pivot provides an a-foot probe 
with the extreme tip resting on the pavement and supported by the 
pivot point. The rear end is a 4-foot cantilever beam which moves 
upward when the pavement deflects downward. The basic components 
are depicted in Figure 7. 
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Fiqure 7 - Basic Components of the Benkelman Beam 

The device uses a loaded truck to create the deflection. A dial 
indicator rests on the rear end and measures this movement. 
The only measurement recorded with the Benkelman Beam is the 
maximum rebound deflection. The limitations of the device are 
insuring that the front supports are not located within the 
deflection basin, the inability to determine the shape and size of 
the basin, and poor repeatability of the results. Due to these 
limitations the SHAs are moving away from the static devices and 
toward other types such as the impulse deflection equipment. 

Other devices in this category are the curvature Meter and the 
Plate Bearing Test equipment. 

Automated Beam Deflection Equipment 

Equipment which automates the Benkelman Beam process is placed in 
this class. Included is the La Croix Deflectograph which has been 
used widely in Europe and other parts of the world, and the 
Travelling Deflectometer which is used by the California 
Department or Transportation. 

Steady-State Dynamic Deflection Equipment 

Steady-state dynamic deflection devices place a static preload on 
the pavement surface. A steady-state sinusoidal vibration is then 
induced in the pavement with a dynamic force generator. The 
advantage of this type of equipment over static equipment is that 
a reference point is not needed.. An inertial reference is used 
and the change in deflection can be compared directly to the 
magnitude of the dynamic force. One of the limitations of this 
type of equipment is the use of the static preload. This load is 
relatively large in comparison with the maximum peak to peak 
loading. The most commonly used steady-state dynamic deflection 
devices are the Dynaflect and the Road Rater. 
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oynaflect - The Oynaflect (Figure 8) was one of the first 
commercially available steady-state dynamic deflection devices. 
It is trailer mounted, and can be towed by a standard automobile. 

-~·-

Piqure 8 - Oynaflect 

The Dynaflect applies a static weight of 2000 to 2100 pounds to 
the pavement while the dynamic force generator produces a 1000-
pound peak-to-peak force. Deflection is measured using five 
velocity transducers (geophones). The transducers are suspended 
from a placing bar which is normally placed in the center of the 
loaded area and at one-foot intervals away from the load 
(Figure 9). 

Houaina and Tow 
Bar 

Ne.INo.2 

Loading Wheels N•.sNe.4 .... 1 

Geophone1 

Piqure 9 - Schematic of the Dynaflect in testing position 

The device is moved to the test point and the loading wheels and 
geophones are hydraulically lowered to the pavement surface. The 
device is then moved to the next site on the loading wheels. The 
limitations of the Dynaflect are the maximum peak-to-peak loading, 
which is limited to 1000 pounds, the inability to vary the load, 
and the fixed frequency of the loading, which cannot be changed. 
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Due to this limitation this device may be inadequate to evaluate 
thick pavement sections and other devices with heavier loading 
systems should be considered. 

Road Rater - The Road Rp.ter {Figure 10) is the second type of 

ROAD 
,._.rER 

Fiqure 10 - Road Rater 

\ 
j 

commercially available steady-state dynamic deflection device. 
Three models, which vary in the magnitude of the applied load are 
available. The static load is applied to the pavement surface 
through a steel plate. The dynamic force generator produces a 
peak-to-peak force which is one-half the magnitude of the static 
preload. The amplitude and the frequency can be altered. This 
allows different dynamic peak-to-peak loadings ranging from 1000 
to 8000 pounds. The loading frequency can be varied between 5 and 
70 cycles per second. Three sensors are attached to an arm 
trailing the loading plate, with an additional sensor in the 
center of the loaded area. 

Testing starts by moving the device to the test point, and 
lowering the test plate and the sensors to the pavement surface. 
A test run is performed at selected loads and frequencies, the 
loading plate and sensors are lifted from the surface, and the 
device is moved to the next site. The limitations of this device 
is the limited load level for the lighter models, and the 
requirement for a heavy static preload for the heavier models. 

Other steady State Deflection Equipment - Other devices in this 
category include the FHWA Thumper, a custom-built device that can 
perform static, dynamic, or intermittent pulse loading, and other 
custom-designed dynamic deflection devices. 

Impulse Deflection Equipment 

These devices deliver a transient force impulse to the pavement 
surface. They use a weight which is lifted to a specified height 
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on a guide system, and dropped. The falling weight strikes a 
plate, which transmits the force to the pavement. By varying the 
amount of weight and the drop height, the impulse force can be 
varied. 

The advantage of the impulse type equipment is the ability to 
model a moving wheel load in both magnitude and duration. The 
resulting deflection closely simulates deflections caused by a 
moving wheel load. The impulse equipment has a relatively small 
preload compared to the actual loadings. The preload prior to 
releasing the weights varies with the equipment. It is usually in 
the range of 8 to 18 percent of the maximum impulse load which is 
9,000 to 24,000 pounds. The preload during the period the weights 
are dropping is normally in the range of 5 to 14 percent of those 
same maximum impulse loads. 

Dynatest Falling Weight Deflectometer - The most widely used 
falling weight deflectometer (FWD) in the U.S. is the Dynatest 
model 8000 FWD (Figure 11). The system is trailer mounted and can 

Fiqure 11 - Dynatest Falling Weight Deflectometer 

be towed by a van or pickup truck. Its impulse force is created 
by dropping weights from different heights. By varying the drop 
height and weights, a force range of 1,500 to 24,000 pounds can be 
developed. The load is transmitted through a rubber buffer system 
and an 11.8 inch diameter loading plate to the pavement. The 
deflection basin is measured using up to seven velocity 
transducers which are mounted on a bar and lowered with the 
loading plate to the pavement surface. The device is moved to the 
test site, and the loading plate and transducers are lowered to 
the pavement. A test sequence is completed using a number of 
drops at each selected drop height. The loading plate and sensors 
are then hydraulically lifted, and the FWD is moved to the next 
site. 
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Other Impulse Deflection Equipment - Other devices in this 
category include the KUAB and the Phoenix FWDs. Both are trailer 
mounted and are operated in a similar manner to the Dynatest FWD, 
using various combinations of number and size of weights and drop 
heights. 

A summary of the most commonly used deflection devices and their 
various measurement properties and features is contained in 
Table 1. The most important limitation of current deflection 
equipment is the inability to collect the data at high speeds. 
Stops must be made at each test location, requiring the 
maintenance of traffic. Developmental efforts are underway to 
automate deflection equipment to reduce traffic conflicts. Again, 
it should be emphasized that pavement deflection data should be 
used carefully. Appropriate correction factors for temperature, 
moisture, time of season, test location, etc. must be applied in 
order to produce meaningful data. Proper use of this very 
important data can yield effective information for the design of 
pavement rehabilitation strategies. 

TABLE 1 - DEFLECTION EQUIPMENT 

------------------------------------------------------------------------------------------------------------~---~---------
I DEFLECTlON I PRlNCIPAL I LOAD ACTUATOR !STATIC WE"~4TI TYPE OF LOAD I RELATlVE I DEFLECTION \NUMBER OF! 
I DEVICE I OF OPERATION I SYSTEM I ON PLAE I TRANSMISSION I COST I MEASURING SYSTEM I SENSORS J 
1-----··---------------------------·······-····-···----------------------·----·-··--------------·--·:·-···--·----------- ' 
I Benkelman I Deflection I Loaded I I Truck I I Dial I 
f Beam I Beam I Truck Axle I N/A I Wheels I Ext. Low I Indicator I 1 _ 
1-------------1---------------1-·····---··-···l····-·-------1·--------······--·1-----------1-·-··············-·1---------
I I Steady State I Couiter I I Two UrethaneCoated I I Velocity. I 
I Dynaflect I Vibratory !Rotating Masses! 2100 I Steel Wheels I Low I Transducers I 5 
1--------·----1···········-···l·-······----·--1-----------··l-············-····l·········--l··--·--·-·:··--····I········· 
I Road I Steady State I Hydraulic I *2,400 to I *Two rectangular I I Velocity I 
I Rater I Vibratory !Actuated Masses! 5,800 lbs. I or 1 rouicl plate ILow·Mediun I Transc:lucers I 4 
!-------------1-···--···------1---------------1---·-·-··----1------------------1-----------1-··-----··-·······-1-·--·----
: KUAB I I Two Dropping I I Rouicl I jseismic Deflection I 
i f\I> I l~lse I Masses I N/A I Plate I Mediun I Transc:lucers I 5 
l···---------·1··-·······-----1-·········--···l·········-···1------·-····------1----·······l··-·-·····:········1·-······· 
jDynatest 8000 I I Dropping I I Rouicl I I Veloct ty I 
I F\I> I t~lse I Masses I NIA f Plate jMediun·Highf Transc:lucers I 7 
l···----------1---------------1---------------1-------------1------------------1---··--·---1------:·-··:·--····1---------
I La Croix I Mechanized !Moving Weighted! I Truck I . flnducttve Displace-I I 
toeflectograph!Deflection Be .. I Truck I N/A I Wheels I Ext. Htgh I ment Transc:lucers I 2 I 
---•-••••••-•••••••••••••••••••-•••••••••••••••••••••••••••••••••••••••-••••••••-••••••••••••••••••••••••••••••••••••-•••e 
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Equipment for Roughness Data Collection 

Over a period of time all pavement surfaces become increasingly 
rough. Ride quality, a subjective evaluation of pavement 
roughness, may be evaluated through the use of rating panels 
(which may be part of the condition survey team), or through the 
use of manually operated or automated equipment. Other equipment 
may be used to objectively measure roughness. In terms of 
pavement profile, roughness can be defined as the summation of 
variations in the surface profile of the pavement. This pavement 
roughness consists of surface irregularities with wavelengths and 
amplitudes ranging from fractions of an inch to several feet. The 
measurement of pavement roughness corresponds to the measurement 
of the actual pavement profile or the measurement of the response 
of a mechanical system to the profile. 

Knowledge of the extent of pavement roughness is essential since 
roughness often provides some indication of a pavement's need for 
maintenance, rehabilitation, or reconstruction. Roughness is also 
one of the primary criteria by which the public measures the 
credibility of an agency that manages pavements. FHWA considers 
roughness data collection to be of vital :~portance in the 
assessment of pavement condition. The states will be required to 
have automated calibrated equipment operational for the collection 
of Highway Performance Monitoring System data by the end of 1989. 

Equipment for roughness survey data collection may be broadly 
categorized into 4 categories, the relative degree of automation 
and complexity of which increases in the order listed: 

• Rod and level survey-including the Dipstick Profiler, 
• Profilographs, 
•Response type road roughness meters (RTRRMs), 
• Profiling Devices 

Each category has its advantages and limitations, and selection of 
appropriate roughness equipment should be made following a careful 
assessment of the primary purpose for which the equipment is to be 
used, and an analysis of the advantages and limitations of each 
device. One of the most important considerations in selection of 
a roughness measuring device is the tradeof f between the 
relatively low initial and data collection costs of devices such 
as an RTRRM, versus the frequent need to calibrate the device. 
Other tradeoffs must also be carefully considered. 

Laser devices may also be used to measure pavement roughness. 
Since the laser can also be used to measure other pavement 
parameters, its use will be discussed in the section "Equipment 
for Distress Data Collection". 
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Rod and Level Survey and the Dipstick Profiler 

Rod and level surveys provide an accurate measurement of the 
pavement profile. The use of the rod and level survey for network 
er even large project survey data however, is impractical and cos~ 
prohibitive. A first-s'tep automation of the rod and level survey 
which may be used to collect a relatively small quantity of 
pavement profile measurements is through the use of the Dipstick 
Profiler (Figure 12}. 

Pigure 12 - The Dipstick Profiler 

The Dipstick Profiler consists of an inclinometer enclosed in a 
case supported by two legs separated by 12 inches. Two digital 
displays are provided, one at each end of the instrument. Each 
display reads the elevation of the leg at its end relative to the 
elevation of the other leg. The operator then "walks" the 
dipstick down a premarked pavement section by alternately pivoting 
the instrument about each leg. Readings are recorded sequentially 
as the operator traverses the section. The device records 10 to 
15 readings per minute. Software analysis provides a profile 
accurate to p~us or minus o.oos inch. 

A common application for the dipstick is to measure the profile 
for the calibration of RTRRMs. A strip can be surveyed by a 
single operator in about one half the time of a traditional survey 
crew. 

Profilographs 

Prof ilographs have been available for many years and exist in a 
variety of different forms, configurations, and brands. Due to 
the design they are not suitable for condition surveys. Their 
most common use today is for portland cement concrete pavement 
construction inspection, control, and acceptance. The major 
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differences among the various profilographs involve the 
configuration of the wheels and the operation and measurement 
procedures of the various devices. 

Prof ilographs have a 
vertical movement at 

sensing wheel, mounted to provide for 
th~ center of the frame (Figure 13). 

t
-TR•VH Gl!I[)( 

~ , ... ,". 
e~~=l~~l~i~~•"='ld· l~lfiH II I 5 I~-~}· 

TOP VIEW 90· I 

SIDE ELEVA TlOH 

free 
The 

Piqure 13 - Prof ilograph Layout {California type Prof ilograph) 

deviations against a reference plane, established from the 
profilograph frame, is recorded (automatically on some models} on 
graph paper from the motion of the sensing wheel. Profilographs 
can detect very slight surface deviations or undulations up to 
about 20 feet in length. 

Response Type Road Roughness Meters 

The third category of roughness data collection equipment is the 
response type road roughness meters. This category includes such 
devices as the BPR Roughometer (Figure 14), the Mays Ride Meter 
(Figure 15), and the PCA Road Meter. RTRRMs have been used for a 

Fiqure 14 - BPR Roughometer 
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Piqure 15 - Mays Ride Meter 

number of years and.are currently the most widely used roughness 
data collection device in the United States. Their primary use is 
for network level roughness data collection. 

Road meters or RTRRMs measure the vertical movements of the rear 
axle of an automobile or the axle of a trailer relative to the 
vehicle frame. The meters are installed in vehicles with a 
displacement transducer on the body located between the middle of 
the axle and the body of a passenger car or trailer. The 
transducer detects small increments of axle movement relative to 
the vehicle body. The output data consists of a strip chart plot 
of the actual axle body movement versus the time of travel. 

The advantages associated with the use of RTRRMs are: 

• The initial and operating costs are low. 
• Reasonably accurate roughness data is provided if the 

device is properly calibrated. 
• Reproducible results may be obtained when the device is 

properly maintained. 
• Data can be collected at high speeds, i.e. 50 mph. 
• Efficiency--numerous pavement sections can be evaluated in 

a relatively short period of time. 

In spite of the advantages of RTRRMs, there also several 
limitations: 

• Response type equipment records the dynamic response of a 
mechanical system travelling over a pavement at a 
constant speed. Therefore, the characteristics of the 
mechanical system and speed of travel affect the 
measurement. 
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• RTRRMs measure a dynamic effect of the roughness but do 
not define the profile of the pavement. 

• In order to provide accurate, consistent and repeatable 
data, the device must be frequently calibrated, through a 
range of operating speeds, against sections of known 
profile, ranging from very smooth to very rough. The 
annual costs of the calibration checks can be quite high. 

• The vehicles in which the RTRRMs are installed contribute 
many potential sources of variation including rear 
suspension damping, tire nonuniformities and inflation 
pressure differences, and vehicle weight changes. 

• Due to the variations of the various mechanical systems 
of RTRRMs, comparability of data among users with the 
same user, or with the same device is difficult, unless a 
common standard roughness index is used. 

Several standard calibration procedures have been developed for 
the RTRRMs which are in use today. Careful operating and 
maintenance procedures should be followed, including frequent and 
precise calibrations, in order to improve device accuracy and 
consistency. The degree of accuracy desired in the calibration of 
RTRRMs ultimately depends upon the proposed use of the data being 
collected. 

RTRRM systems are adequate for routine monitoring of a pavement 
network and providing an overall picture of the condition of the 
network. The output can provide managers with a general 
indication of the overall network condition and maintenance needs. 

Profiling Devices 

Profiling Devices are used to provide accurate, scaled, and 
complete reproductions of the pavement profile within a certain 
range. They are available in several forms, and can be used for 
calibration of the RTRRMs. The equipment is expensive, with 
complexity increasing depending on the types and number of 
transducer sensors contained on board. Three generic types of 
profiling systems are in use today: 

• Straight edge 
• Low speed systems 
• Inertial Reference Systems 

The simplest profiling system is the straight edge. Modifications 
to the straight edge, such as mounting it on a wheel are very 
popular (profilographs). Low speed systems such as the CHLOE 
prof ilometer (Figure 16) are moving reference planes that have 
little or no dynamic effect due to their low speed. The CHLOE is 
a long trailer that is towed at low speeds of 2 to 5 mph. The 
slow speed is necessary to prevent any dynamic response 
measurement during the readings. The device measures the 
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WHEELS 

POWER CORD 

Piqure 16 - CHLOE Prof ilometer 

difference in slope between a small arm with two wheels and a 
trailer frame with 2 larger wheels. A few agencies still use the 
CHLOE to calibrate their RTRRMs. 

Most s~phisticated road profiling equipment uses the inertial 
reference system. The profiling device measures and computes 
longitudinal profile through the creation of an inertial reference 
by using accelerometers placed on the body of the measuring 
vehicle to measure the vehicle body motion. The relative 
displacement between the accelerometer and the pavement profile is 
measured with either a "contact" or a "non-contact" sensor system. 

The earliest profiling devices used the contact system to measure 
the profile. The contact system uses a mechanism in direct 
contact with the pavement. Several contact systems have been 
used, and are still in use today. The French Road Research 
Laboratory developed the Longitudinal Profile Analyzer (APL) in 
1968 (Figure 17). 

Piqure 17 - Longitudinal Profile Analyzer 
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·The APL consists of a specially designed single-wheel trailer and 
electronic data and measurement monitoring equipment. The trailer 
is pulled at a constant speed by a towing vehicle which contains 
the electronic equipment. The APL measures pavement profile based 
on the amplitude of the vertical movements of the follower wheel: 
These movements are measured in relation to a horizontal reference 
pendulum (Figure 18). As the follower wheel travels over the 

2m 

Fiqure 18 - Longitudinal Profile Analyzer Measurement System 

pavement surface the change in the angle between the trailing arm 
or rocking shaft and the horizontal pendulum is processed by the 
system software into a profile value. 

Systems used today in the United States are frequently installed 
in vans which contain on board microcomputers and other data 
handling and processing instrumentation. Older profiling devices 
are usually contact systems, while the more recently manufactured 
devices use non-contact sensors. A contact system is depicted in 
Figure 19. This system uses a small tracking wheel which 

W(--1 

Fiqure 19 - Contact Profiling Device 
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measures the surface of the pavement. The mechanical systems 
experience maintenance problems related to wearing and operation 
of the wheel. Recently constructed systems use non-contact 
probes, either acoustic or light, to measure differences in the 
pavement surface. 

Both measure and compute the longitudinal profile through the 
creation of an inertial reference plane. An accelerometer, placed 
on the body of the measuring vehicle, measures the vehicle body 
motion. The relative displacement between the accelerometers and 
the pavement profile is measured with the non-contact light beam 
mounted with the accelerometer on the vehicle body. The sensor 
beam is projected vertically down on the pavement to create a 
light "foot print". 

Displacement between the vehicle and the pavement surf ace is 
determined by measuring the angle at which the light beam 
footprint is viewed by part of the system mounted under the 
vehicle and just ahead of the light beam footprint (Figure 20). 

i • 

,l ' ,:· ________ _, 
::'--~·*-""-" 

Piqure 20 - Principle of Operation of a Non-contact 
Profiling Device 

As the pavement surface profile varies, the distance between the 
vehicle and the pavement surface changes, and the angle at which 
the footprint is viewed also changes. Through the geometry of the 
system, this measured angle can be converted to a measured 
displacement and used in computation of the profile. Distance 
measurements of the position of the vehicle are simultaneously 
recorded in fractions of a foot as the vehicle travels along the 
roadway. The profile is computed as a function of distance 
travelled by an on board digital computer and is saved and stored 
for later use. 

Profiling devices are capable of providing highly accurate 
roughness data and scaled reproductions of the pavement profile. 
A summary of the most commonly used roughness data collection 
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devices their measurement principles, relative ~osts, relative ' . degrees of accuracy, and current and projected future use is 
contained in Table 2. 

' TABLE 2 - ROUGHNESS DATA COLLECTION EQUIPMENT 

I RCUGHNESS I I RELATIVE I RELATIVE I RELATIVE I APPROXIMATE I EXTENT OF I PROJECTED I 
IDATA COLLECTION I PRINCIPAL OF I INITIAL !DATA COLLECTION I DEGREE I NUMBER oF YEARS I CURRENT I EXTENT oF use I 
I DEVICE I MEASUREMENT I cosr 1cosT <NETWORK> I OF ACCURACY I IN USE I USE I rR. 1990-2000 I 
1------------------------------------------------------------------------------------------------------------------------------1 
I !Direct differenti•tl I I Ver-y I I Li•ited, used I s- 85 

I Dipstick I Measure111ent I Low I l~ractic•l I High I 8 !tor C•libration I Current Use 

1----------------1-------------------1----------1---------------1-------------1---------------1----------------1-------------·-
I I Direct Profile I I I I I btensive for I s- H 

I Profflogr.-plls I Recordation I Low I l~ractic•l I lltldiua I 30 !Const. Accpt8"Cel Current Use 

1----------------1-------------------1----------1---------------1-------------1---------------1----------------1---------------
I BPI! I Device I I I I I I 
I •ough-ter -1 Response I Low I low I Medi111 I 50 I Li•ited I None 
1---------------·1-------------------1----------1---------------1-------------1---------------1----------------1---------------
I M•YI I I I I I I I Decreuing 
I Meter I Vehicle Response I Low I Low I lltldi111 I 30 I Extensive I Continuously 

1----------------1-------------------1----------1---------------1-------------1---------------1----------------1---------------
I South D•lcou I Direct Profile I I I I I I lepidly 
I 108d Profiler I Recordation I Mediwi I Low I Nigh I 1 I Growing I lnc:ree1ing 

1----------------1-------------------1----------1---------------1-------------1---------------1----------------1---------------
I Cont.ct I Direct Prof Ile I I I Ver-y I I I 
!Profiling Device! lecordation I Nigh I Medl111 I Nigh I 20 I Li•it8d I Decreasing 

1----------------1-------------------1----------1---------------1-------------1---------------1----------------1---------------
I eion-ContKt I Direct Profile I I I Very I I I lnc:reHing 
!Profiling Device! Recordation !Very Nigh I Medi111 I Nigh I 8 I Mediua I Contil"UllU!lly 
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PAVEMENT DISTRESS 

By far the greatest number of innovations and inventions in the 
past 10 years have come in the area of distress data collection 
equipment. Devices may soon be available which automatically 
collect and reproduce pavement distress information in a form 
acceptable for use during pavement rehabilitation -- but we're not 
to this point yet. 

Before examining equipment available to collect pavement distress 
data, we must first stop and try to answer the question "What is 
pavement distress?" As elementary as this question may seem, it 
has been surprisingly difficult to answer in the past. First, the 
pavement type must be known -- is it jointed plain concrete, 
jointed reinforced concrete, continuously reinforced concrete, 
prestressed concrete, asphalt, an asphalt overlay of the various 
types of portland cement concrete, one of the various types of 
portland cement concrete ove~ asphalt, portland cement concrete 
over portland cement concrete, bonded, unbonded, asphalt over 
asphalt, etc. What type of base exists, granular, stabilized, 
free-draining, etc? What measurement criteria was used? What 
type of distress was noted, what was its extent, and what was its 
&everity? Each question may generate several others. 

Many types of distress have been identified for stabilized 
pavement surfaces. Methods have been devised by various agencies 
to standardize distress classifications and to automate the 
recording, reduction, processing, and storage of the data. 
Condition survey manuals which define classifications using photos 
and descriptlons have been used to minimize discrepancies between 
raters. one document which best answers many of the questions 
about highway pavement distress is the "Highway Pavement Distress 
Identification Manual for Highway Condition and Quality of 
Construction Survey". This manual describes 17 or more pav~ment 
distress types for each pavement type. Some procedures use 
detailed measurements of the distress to minimize errors. 

To simplify this discussion, distress types will be limited to two 
very general ~ategories for asphalt pavements -- rutting and 
cracking, and one category for PCC pavements -- cracking. Extent 
and severity may be dealt with in relative terms. For the extent, 
the percentage of the pavement distressed versus the total 
pavement length or area surveyed can be used. Severity can also 
be handled in relative terms -- light, medium, and heavy. 
Numerical parameters can be assigned at a SHAs discretion in order 
to classify the distress by extent and severity. 

Equipment for Distress Data collection 

The thankless job of collecting pavement distress data by visual 
survey is being simplified through the use of current technology. 
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Condition survey teams now have at their disposal numerous means 
and devices to collect distress data. This list of available 
devices is growing each year, and more fully automated· processes 
are being designed and implemented. Automation of pavement 
distress data collection may be categorized into five levels of 
automation: 

• Improved subjective rating through data entry with 
condition rating keyboards or voice activated systems, 

• Acoustic systems, 
• Laser technology 
• Partial objective automation through evaluation of 

photographic records, and 
• Fully automated processing through digitized reduction 

(or other fully automated methods) of video or other 
collected images. 

Condition Rating Keyboards 

The first degree of automation is by data entry with a hand held 
computer or data logger. The operator uses a keyboard similar to 
an office personal computer keyboard, or another design, to input 
observed distress types, extents and severities (Figure 21). The 

Fiqure 21 - Condition Rating Keyboard 

keyboard may be pre-programmed prior to beginning the condition 
survey, based on a preliminary assessment of the existing 
distress, or through knowledge of the most commonly encountered 
distress types. A distance measuring instrument continuously 
tracks the location of the vehicle, and interfaces with the data 
input to define the location of the recorded distress. 
Information collected is stored on a hand held or personal 
computer installed in the vehicle, then down loaded to an office 
computer. 

9.2.29 

Arch
ive

d



Voice Activated Systems 

One new technology now being employed on a more limited basis is 
the use of a voice activated system. This system provides a 
significant advantage over the keyboard since it frees the hands 
of the operator. Whil~ at least two raters are required for the 
condition keyboard system, the voice activated system requires 
just one rater. The rater speaks into a microphone attached to a 
headset, and using a voice controlled microprocessor, the 
information is coded with the location and stored on the computer 
in the vehicle. A sound track recording is produced which may be 
used with recorded video information, if used. Depending on the 
software, the system may recognize several hundred standard 
condition observations stored in the system. 

Acoustic Devices 

Sonic and ultrasonic probes are now being used to a great extent, 
to measure profile and rutting. The probes are used as 
displacement transducers, measuring the distance to the pavement 
surface from an established inertial reference plane of the 
vehicle. Any number of transducers may be mounted on the vehicle 
or on a bar attached to the vehicle to measure rutting 
(Figure 22). The probes generate a short burst of sound waves 

Fiqure 22 - Survey Vehicle with a Rut Bar 

which travel to the pavement surf ace and are reflected back to the 
transducer. The elapsed time between the sound generation and the 
echo detection is proportional to the distance travelled. The 
number of transducers selected should correspond to the level of 
detail required. For network level surveys, 3 to 5 points usually 
provide an adequate transverse profile. Vehicles have been 
manufactured with up to 37 transducers to provide an accurate 
cross section of a 12 foot width of pavement. 
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The sensors should be used only when the pavement surface is dry, 
as the sensors themselves, and the readings may be adversely 
affected by moisture. Sound travels comparatively slowly, (about 
1125 feet per second through air) therefore the speed of the 
survey vehicle has some minor effect on the measurement. Since 
the speed of sound is a~so dependent upon the density and 
temperature of the medium through which it travels, air 
temperature also affects readings. These effects, however, are 
minimal for network level surveys. 

The South Dakota DOT (SD DOT) has developed a system, known as the 
South Dakota Road Profiler, which uses an ultrasonic transducer, 
accelerometer, and an on board computer system to measure, process 
and store pavement profile data. A number of other SHAs are also 
presently considering manufacture of a system similar to the one 
developed by the SD DOT. This system uses an ultrasonic probe as 
a displacement transducer. The probe is mounted on the front of 
the vehicle and measures the distance from the vehicle to the 
pavement surface from an established inertial reference plane. An 
accelerometer, mounted near the acoustic probe, establishes the 
inertial reference plane by measuring the vertical acceleration of 
the vehicle body. An on board computer processes collected data, 
storing it on floppy disks. The Road Profiler can also plot the 
measured profile. 

The advantage of this system is its low initial and operating 
cost. The limitations are that the data reported are slightly 
less accurate than with the light-based devices, and the data 
processing system presently used is not compatible with systems 
used by many other SHAs. 

An added advantage to the system is its ability to measure rut 
depth. By mounting two additional transducers to the front 
bumper, rut depth (3 points) can be recorded and used to 
supplement the longitudinal profile (Figure 23). Additional 

ac-----ro 
c:::i - - - -·- -- t:=1 

0 
Rut Depth, D = (h1-2h2+h3) 

Fiqure 23 - Rut depth Measurement 
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transducers could be added if desired to define a full transverse 
profile. 

Several of the most recent devices to appear on the market have 
used additional transducers to more clearly define the transverse 
profile. Some use lase'rs in lieu of the ultrasonic transducers to 
increase measurement accuracy and frequency, or to measure other 
pavement parameters such as macrotexture or cracking. A few have 
supplemented the existing capabilities with additional devices 
such as gyroscopes in order to provide measurements of most of the 
pavement features and geometry including roughness, rut depth, 
grade, cross slope, and radius of curvature. 

Lasers 

Light Amplification through Stimulated Emission of Radiation 
(LASER) has fascinated man since Albert Einstein's atomic theories 
in 1917. Lasers have many applications today: they are used 
extensively in science, medicine, industry, commerce, 
communications, the military, and in the laboratory. Their useful 
purposes are ever growing -- they are used to drill, weld, cut, 
scribe, unblock arteries, repair eyes, detect drug concentrations 
in body fluids, transmit and print information, improve the 
precision of gyroscopes and radar, and track satellites. They 
also measure very accurately. Their tremendous potential for 
condition survey measurement is just beginning to be tapped. 

Lasers are now manufactured in many types, including chemical 
lasers, gas lasers, and semiconductor diode lasers. Non-contact 
laser transducers measure on the principle of triangulation, most 
often using gallium arsenide diode lasers (Figure 24). The laser 

Fiqure 24 - Laser Measurement Principle 

transducer is usually mounted directly to the survey vehicle 
(Figure 25). 
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Figure 25 - Lasers installed on a Survey Vehicle 

Lasers can operate either during the day or at night at a 
temperature range from near freezing to about 100 degrees F. 
During use, the pavement surface should be dry. Lasers possess 
special properties which allows highly accurate measurement: 

• Intensity - the energy is extremely concentrated, as 
opposed to acoustic transducers, where sound waves are 
readily diffused 

• Monochromatic and Coherent - single-colored light is 
emitted in a very narrow wave band which is so 
organized that it stays in phase over long distances 

• Collimated - the light is highly directional and 
travels in a narrow cone 

• The energy is generated and reflected back in extremely 
short pulses which allows a large number of readings to 
be taken over very short distances even at high speeds 

These specia~ properties permit detailed, frequent measurement of 
the pavement surface characteristics. Lasers are currently used 
for longitudinal profile, rut depth and macrotexture measurement. 
A method to measure cracking is under development. Roughness can 
be measured using the principles described previously. The lasers 
pulse at either 16,000 hertz (cycles per second) or 32,000 hertz. 
Even at 60 mph a reading could theoretically be taken each 0.00275 
inch, permitting a detailed measurement of the pavement surface 
texture. In years to come the laser may replace the skid trailers 
in the search for pavement surfaces with low coefficients of 
friction. Experimental efforts using lasers for this purpose are 
underway. 

Systems in use today employ the lasers in a variety of numbers, 
configurations, and locations on the survey vehicle. Similar to 
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the acoustic transducers, 3 to 5 lasers mounted across the vehicle 
can provide a good transverse profile. Up to 11 lasers have been 
used for this purpose. Accurate measurements of slab faulting and 
transverse cracking have been recorded; however, longitudinal 
cracking is not detectable unless it lies within the small laser 
footprint. Rapid rast~r scanning, or closely bunching lasers, 
could provide a solution to this problem. At least one agency is 
studying the possibility of detecting all types of cracking by 
grouping several lasers very closely together, and correlating the 
measured cracking noted in a small accurately measured area to the 
entire pavement surface area. Some manufacturers and agencies are 
also experimenting with lasers for use in continuous deflection 
devices that will operate at high speeds. 

The PRORUT system developed by the University of Michigan for the 
FHWA provides pavement profile and an average rut depth. The 
PRORUT is an inertial prof ilometer which was designed to minimize 
the overall costs of the system. The vehicle contains three road 
sensors, one in each wheel track and one centered between the 
wheel tracks. Two accelerometers are installed in the 
profilometer, one above the road sensor in each wheel track. The 
vehicle speed and distance of travel is measured by a pulser 
installed in the right front wheel. An IBM-PC serves to control 
the system calibration, operation, data acquisition, and data 
v:~wing. Four SHAs have recently evaluated the performance of the 
PRORUT, and an evaluation report of the findings is being 
prepared. The device is shown in Figure 26. 

Fiqure 26 - PRORUT 
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Photographic Evaluation 

In the early 1970's two systems were developed that made use of 
continuous pavement surface photography. These systems are 
currently in use in Europe, Japan, and recently, in the United 
States. Cracking and o~her surface distresses are recorded with a 
high resolution, continuous pavement surface photographic 
recorder. The recorder uses a 35-mm slit camera mounted on a boom 
aimed vertically downward at the pavement surface (Figure 27). 

L:;: 7 Sit-¥ Iris-
lens-

Fiqure 27 - Schematic of a Continuous Surface Photography Vehicle 

The system synchronizes film speed and camera aperture with the 
speed of the vehicle in order to equalize the image density and 
photographic reduction. The camera position relative to the 
pavement is fixed (9.5 feet) resulting in a 1:200 scaled photo 
reproduction. Pavement widths up to 16 feet can be photographed 
in each pass. The vehicle operates at night using controlled 
external illumination. The lights are installed at an angle to 
the road surface to produce shadows highlighting cracks and other 
surface defects. The continuous strip photos are saved as a 
permanent record of the pavement surface condition. In the 
office, the f·ilm is analyzed frame by frame on a film digitizer. 
Pavement distresses are measured and recorded into a permanent 
file. 

One manufacturer also uses a 35-mm pulse camera and a hairline 
projector strobe light to photograph rutting wave patterns. The 
projected hairline parallels the pavement surface, providing an 
accurate scaled measurement of the rut depth. If no rutting 
exists and the cross section is uniform, the photographed hairline 
is straight. In rutted sections the hairline follows the photo­
graphed rut pattern permitting very accurate calculation of the 
rut depth. Both the strobe light and the camera trigger at fixed, 
adjustable, pre-programmed intervals. The film is then sent for 
developing, printing, and plotting of the transverse profile. 
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This system is presently the most fully operational, proven system 
to measure a wide range of types and severity of pavement 
distress. The frame by frame analysis, however, is tremendously 
time consuming, adding significantly to the cost of the system. 
Efforts to automate the data reduction process are underway. 

Video Technology 

Nowhere has the effect of the technological explosion of the past 
10 years been more apparent than in the area of video technology. 
Some agencies have turned to videos to provide permanent records 
of the pavement surface and for other purposes. Features such as 
identification of signs, utilities, and safety hardware, have been 
recorded, as have ongoing construction projects, to provide a 
record of the work and traffic controls during periodic intervals 
or at key phases of construction. 

Videos are replacing the photologging systems in many agencies. 
In photo-logging, a 35-mm camera is aimed through the windshield 
of a van, photographing the features in the field of vision 100 
times per mile. Video cameras may be installed either to 
inventory through the windshield, aimed directly down at the 
pavement surface, or used in both positions. 

Video technology offers several advantages over 35-mm photography. 
Relatively inexpensive, reusable, off-the-shelf technology is 
readily available. The tape can be replayed in the field where 
the quality of the record can be immediately verified. 
Replacement parts and equipment can be easily obtained. The 
limitation of video is the inferior resolution of the recorded 
images compared to photographic records. The resolution gap 
between the two technologies, however, is rapidly narrowing. 

The addition of condition rating keyboards and on board computer 
systems and other instrumentation, allows the condition survey 
team to supplement the recorded information with distress 
observations.. Review and supplemental input to the permanent 
record may be performed in the off ice, and added to the field­
obtained data. Recent systems have added one or more cameras 
aimed vertically at the pavement surface. 

Automated Video Image Processing 

Video technology has been in use for about 10 years, and 
procedures to fully automate the processing and reproduction of 
the captured images both in real time (immediately after capture 
on board the vehicle) and in the off ice environment are now being 
developed. The automated processing of the recorded analogue 
images may take several forms. 
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Conversion to a digital format suitable for image processing is 
presently the most common. The more limited resolution of video 
cameras requires use of a very expensive high resolution camera 
for the detection cf small cracks. The high resolution camera, 
however, is often incom~atible with available recorders and 
digitizing hardware. In order to overcome this shortcoming, 
either 2 or 3 cameras mounted closer to the pavement surface, each 
covering an area of about 4'x 4 1 to 6'x 6' are now in use. This 
permits detection of small cracks and other surface defects of 
about 1/8" in siz~, or smaller. constant, controlled lighting 
eliminates the background shadows of passing vehicles and adjacent 
structures, and minimizes problems related to the changing of the 
angle of the sun throughout the day. 

Digitized processing involves one frame at a time analysis of the 
recorded analog images. The first step is known as filtering, a 
process that removes extraneous information that could be 
misinterpretated as distress. Next, the signal is segmented. 
Segmentation is based on an intensity threshold and allows the 
system to identify distinct objects in the scene. Intensities 
based on the gray scale range from o (the whitest white) to 255 
(the blackest black). Each analogue image is divided into a 
matrix of pixels ranging in size from 256 x 256, 512 x 512, or 
1024 x 1024, depending on the resolution of the camera. Each 
pixel in the matrix is assigned a numerical value based on its 
intensity. A small portion (10 x 10} of a typical matrix is 
depicted in Figure 28. 

In this elementary example, most of the pixels are representative 
of the normal pavement surface. Processors apply a statistical 
analysis algorithm to the pixel distribution and establish the 
range of pixels representing the normal pavement. In this case, 
values below 107 represented the normal pavement. Values of 107 
and above (bold) represent distress, in this case a crack. 

I . 99 111 103 98 97 100 103 loo 101 102 
I 104 io2 110 100 100 104 104 loo 102 101 
I 112 114 109 114 99 101 100 96 loo 104 
I 101 112 119 10s 111 110 109 111 ioo 99 

I 
101 101 98 98 103 104 104 112 115 114 

97 96 99 100 101 102 100 100 97 95 
I 101 104 loo 97 99 io1 102 98 loo loo 
I 99 103 103 98 97 loo 103 loo 101 102 l 95 97 99 104 103 101 102 100 99 98 
; 104 103 100 97 98 101 102 98 100 100 

Fiqure 28 - A portion of a Pixel Matrix 
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The resultant reproduced data output may be represented for the 
covered area in a graphic resembling Figure 29. 

Figure 29 - Reproduction of Pavement crack through 
Digitized Processing 

The-extent and severity can be determined from the matrix and the 
power of the software. For a 512 x 512 matrix representative of a 
4' x 4' pavement section, each pixel would represent an area of 
pavement measuring 0.09375 square inch, or a little less than 1/10 
square inch. Three dark pixels side by side would represent a 
crack slightly over 1/4 inch wide. 

Processors apply software algorithms to identify the edge of the 
distress, the perimeter and area, and the distress classification. 
Summary information on distress characteristics is stored and used 
to create pavement condition summary statistics at intervals 
specified by the operator. Ultimately, scaled reproductions of 
the data may be produced on maps; the type, extent, and severity 
of the distress summarized, and the output used during pavement 
rehabilitation. 

In a 512 x 512 matrix each image contains 262,144 pixels. In 
standard video formats 30 frames per second are recorded, 
resulting in the formation of almost 8 million pixels per second. 
Assuming 3 cameras are used to record a 12 foot wide pavement 
section, with each camera covering a 4 foot width, about 85 
billion pixels would require analysis and processing for each mile 
of pavement (at 60 mph}. Processing obviously requires an 
extremely high speed microprocessor. Even with today's high speed 
computers, most data is post processed in the office environment 
due to the amount of data collected. It is expected that the 
technology which will be available in a few years to process even 
this vast amount of information in real time. A summary of these 
and other distress data collection technologies is contained in 
Table 3. 

9.2.38 

Arch
ive

d



TABLE 3 - PAVEMENT DISTRESS DATA COLLECTION TECHNOLOGIES 
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OTHER TECHNOLOGIES 

Other technologies are also now available and are being used and 
developed for the purpose of evaluating pavements. These include 
seismic and dynamic test methods, ground penetrating radar, 
infrared thermography, slit integration, and flying spot laser 
scanners. A few of these technologies are now in use, others are 
being evaluated, developed, or refined. A summary of their 
respective features is contained in Table 3. 

CONCLUSION 

Automated processes to collect skid, roughness, and rutting are 
now available. Automated equipment to measure cracks, and moving 
deflectometers are still in the research and evaluation stages. 
Improvements in the ability to collect important pavement data 
through equipment automation can be expected to continue. 
The technological explosion of the 1980's has been a great benefit 
to Pavement Management Systems. Technologies which were only a 
theory in the 1960's are now being used on an every day basis. 
The rate of development of many of the new and innovative 
technologies is expected to continue into the 1990's and the 21st 
century. Automated data collection and processing of collected 
pavement condition data can provide considerable cost savings to 
user agencies, and improve the mechanisms through which agencies 
effectively manage their pavements. 
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APPENDIX A 

LIST OF AUTOMATED PAVEMENT DATA COLLECTION 
EQUIPMENT MANUFACTURERS ' SUPPLIERS* 

cox & Sons, Inc. 
P.O. Box 674 
Colfax, CA 95713 
(916) 346-8322 
Cox RTRRM 
Friction Tester 

Foundation Mechanics Inc. 
421 East El Segundo Boulevard 
El Segundo, CA 91245 
(213) 322-1920 
Road Rater 

Infrastructure Management Services 
3350 Salt Creek Lane 
Arlington Heights, IL 60005 
Mr. Robert L. Novak 
(312) 506-1500 
Swedish Laser RST 
690DNC Profilometer 

Kokusai Kogyo., Ltd. 
Abenatak Corporation 
1179 Fernwood Drive 
Millbrae, CA 94030 
Mr. Taizo Abe 
Road.man 

MAP Inc. 
1825 I Street, NW. Suite 400 
Washington, D.C. 20006 
Mr. Michael Grippen 
(202) 429-2089 
Gerpho 

Pavement Condition Evaluation Services 
1145 Icehouse Avenue 
Sparks, Nevada 89431 
Mr. Bert Butler 
(702) 355-0225 
Pavement Distress Imaqer 1 

south Dakota DOT 
700 Broadway Avenue East 
Pierre, SD 57501 
Mr. David L. Huft 
(605) 773-3871 
south Dakota Road Profiler 

Dynatest Consulting, Inc. 
209 Bald Street 
P.O. Box 71 
Ojai, California 93203 
{805} 646-2230 
Dynatest aooo FWD 
Dynatest sooo RDM 

Highway Products International 
R.R. #1 Paris, Ontario 
Canada N3L 3El 
Mr. Don Kobi 
(519) 442-2261 
ARAN ' PORD 

K. J. Law Engineers 
42300 w. Nine Mile Rd. 
Novi, Michigan 48050-3627 
Mr. Ken Law 
(313) 347-3300 
8300A Rouqhness surveyor 
Friction Testers 

MHM Associates, Inc. 
1920 Ridgedale Road 
South Bend IN 46614 
Mr. Jerry Mohajeri 
{219) 291-4793 
ARIA 

PASCO USA Inc. 
1-J Franssetto Way 
Lincoln Park, N.J. 07035 
Mr. Wade Gramling 
(201) 628-8433 
Pasco Road Survey System 

Pavedex, Inc. 
N. 800 Hamilton Ave. 
Spokane, Washington 99202 
Mr. Don Bender 
(509) 483-4126 
Pavede:x PAS I 

VideoComp 
500 Sawtooth Ave. 
Boise, Idaho 83709 
Mr. Basil Dahlstrom 
(208) 385-1575 
Distress survey Trailer 

* This list has been prepared on the basis of currently available informati1 
in this office. We would appreciate the readers' input if others are known 
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Smith, Roger E., Stanley M. Herrin, and Michael I. Darter, 
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for the Federal Highway Administration, March, 1979. 
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Administration, Pavement Division, 1988. 

Zaniewski, J.P., S.W. Hudson, and W.R. Hudson, "Pavement Condition 
Rating Guide," developed for the Federal Highway Administration, 
Report No. DTFH61-83-00153, September, 1985. 
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Memorandum 
U.S. Oecxi Ii I .... 
C1 Tn::no:» ICID t ,.. . ...,....,, 
Adi• •nuatlon 

•Addressing Institutional Barriers to Implementing 
a PMS• ASTM Paper by Or. Roger E. Smith 

Chief, Pavement Division 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Q.0111 '0 

A!!l"I :)! 

AX;' 91991 

HNG-41 

At the recent American Society for Testing Materials Symposium (ASTM) on 
Pavement Management, the attached stand-out paper, was given by Professor 
Roger E. Smith, of the Texas Transportation Institute. Dr. Smith has given 
his permission for us to share his paper with others interested in Pavement 
Management.Systems (PMS). 

The paper addresses institutional barriers to implementing PMS (using the 
San Francisco Bay Ar·ea Metropolitan Transportation Connission (MTC) as an 
example) and is not only an excellent description of these issues. but is also 
a perfect lead into the September symposium that we art co-sponsoring with the 
Illinois Oepartmint of Transportation (IOOT). You may wish to share it with 
our divisions and the State highway agencies. 

As the States move from development ~f their PMS's into implementation, 
success could well hinge on recognition that these barriers exist, and taking 
steps to overcome them. 

Key 1ssues identified in the paper are: 

1. If the PMS is not affecting the ultimate decisions on the highway 
agency's program, thtn the agency cannot claim to have a PMS 
implemented. 

2. Many PMS's are not being utilized to their fullest potential--often 
becaust of sunaountable barriers. 

3. The most troublesOlll barriers to implementation of a PMS are people 
related. 

4. Some of tht barriers in capsule are: 

1 Fear of exposure • Previous decisions may have been incorrect. 

1 Turf Protection - There are formal and informal lines of 
coll'lllunication within an organization that need to be recognized. 
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1 B1ack Box Syndro111 · The PMS is not fully understood, therefore its 
products can not bt vtrif;ed. 

1 One person show · The ch1111Pion of tht PMS leaves and th• system 
d4es. 

5. Some of the concepts to b• considered in sur110unting barriers are: · 

1 Innovation • •it is not the actual newness of tht innovation but· 
rathtr the perception of newness to the potential adopter that 
influences adoption and use.• 

1 Consider the •opinion Leader• - Know who they are because 
without their support the syst .. will not b• implemented. 

1 Compatibility - The new syst .. llUSt bt co111e>atibl1 with the 
ex;sting because a complete overhaul or reorganization is 
usually 1mposs1b1t. 

1 Trialab111ty • Innovation needs to be adopted in stages. •New 
ideas that can bt tried on a li•itld basis are more likely to be 
adopted.• 

1 Observability • This is the degret to .ntch r1sults of 
innovations art vtstblt to others. If you can show positive 
results 1t goes a long way toward selling PMS. 

These art of course. only key paraphrasing of the paper and a full 
underst1nd1ng of tne issues requires a coepl1te rtad1ng. Wt recormiend 
1t to all with r1sponstbtltty for tmplementa PMS's. 

Attachment 
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u.s Deoonment 
ot Tror.spoocnon 

Federal Highway 
Administration 

Order 
PAVEMENT MANAGEMENT COORDINATION 

c:ass1f1cat1on Cooe Date 

5080.3 April 13, 1992 

• 
Par. 1. Purpose 

2. Cancellation 
3. Washington Headquarters Coordination 
4. Field Coordination 

1. PURPOSE. To provide a forum for coordinating the Federal Highway 
Administration's (FHWA) Pavement Management Program in the Washington 
Headquarters, and to provide guidance for coordination in FHWA field 
offices. 

2. CANCELLATION. FHWA Order 5080.2, Pavement Management Coordination, 
dated March 23, 1987, is canceled. 

3. WASHINGTON HEADQUARTERS COORQINATION 

a. Pavement issues often involve the activities of several Washington 
Headquarters offices. To ensure coordination among related 
offices and activities, a Pavement Management Coordination Group 
(PHCG) was established in 1980. The membership has been revised 
from time to time to reflect organizational changes in the 
Washington Headquarters since establishment of the group. 

b. The PMCG consists of the following members: 

Special: 

(1) Chief, Pavement pivision, Office of Engineering, will Chair 
the Group. 

(2} Chief, Planning Programs Division, Office of Environment and 
Planning. 

(3) Director, Office of Engineering and Highway Operations 
Research and Development. 

(4} Director, Office of Technology Applications. 

(5) Director, Office of Policy Development. 

(6) Director, Office of Highway Information Management. 

Headquarters 
Regions 
Divisions 9.4.1 
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(7) 

(8) 

(9) 

(10) 

{11) 

(12) 

Director, Office of Motor Carrier Information Management and 
Analysis. 

A Regional Administrator appointed by the Executive Director will 
serve for 2 years. This assignment will be rotated among the 
Regional Administrators. 

Chief, Pavements 01v1s1on, Office of Engineering and Highway 
Operations Research and Development. • 

Chief, Long Term Pavement Performance Division, Office of 
Engineering and Highway Operations Research and Development. 

Chief, Materials Division, Office of Engineering and Highway 
Operations Research and Development. 

Chief, Engineering Applications Division, Office of Technology 
Applications. 

(13) Chief, Strategic Highway Research Program Implementation Staff, 
Office of Technology Applications. 

c. The PMCG has the following responsibilities: 

(1) 

(2} 

(3) 

(4) 

(S) 

{6) 

ensure that pavement related activities [including the need for, 
the gathering of, and the use of pavement data] by the several 
Washington Headquarters offices are cooperatively developed ·and 
properly coordinated; · 

identify pavement problems or issues which merit attention by the 
FHWA; 

participate in field reviews as requested or needed; 

serve as the Research, Development, and Technology Coordinating 
Group for the pavement area as required by FAWA Order 6000.2, 
Research, Development, and Technology Advisory Councils; 

support the FHWA involvement in the Strategic Highway Research 
Program (SHRP} and the implementation of the products resulting 
from SHRP, and coordinate the activities of the various programs, 
studies, and groups involved in the Long Term Pavement Performance 
evaluation; and 

recorrmend FHWA policies, programs. or actions to improve 
effectiveness of pavement-related activities of FHWA, State 
highway agencies (SHA), and local governments. 

9.4.2 
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A Technical Working Group {TWG) will assist the PMCG in developing and 
monitoring pavement-related activities. Each Office Director in the 
PMCG will appoint at least one representative to serve on the TWG. 

(1) 

(2) 

The Chief, Pavements Division, Office of Engineering and Highway 
Operations Research and Development will chair the TWG. 

The chairperson may create working groups for specific technical 
areas as they deem necessary. Each working group will elect its 
own chairperson, who shall be a member of the TWG. 

4. FIELD COOROINATIO~ 

a. To provide necessary emphasis to pavement management activities, and 
to provide the support required to implement FHWA policies and 
programs in the pavement area, FHWA field offices should develop 
coordinating mechanisms and assign specific responsibilities for 
pavement act iv.1 ti es. 

b. Each regional office should: 

(1) assure coordination of pavement-related activities within the 
region, including but not limited to research, technology 
transfer, Highway Performance Monitoring System (HPMS), SHRP, 
annual conferences, and vehicle weight enforcement program; 

(2) develop regional operations plans to assist division offices in 
aiding States and local governments in the conduct of 
coordinated pavement management programs; 

(3) monitor and evaluate pavement-related activities within the 
region and provide reco11111endat1ons to improve the;r 
effectiveness; 

(4) · designate a pavement management coordinator to serve as the 
focal point for all pavement-related activities in the region; 
and 

(5) promote the full range of resources available to strengthen the 
technical capabilities of local government, SHA, and FHWA 
personnel in pavement-related areas. Resources available 
include annual conferences, training courses, and other 
technology transfer activities and materials, as well as 
technical expertise within the FHWA staff. 
Arch
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c. Each divis;.on office is expected to: 

(1} 

(2) 

(3) 

designate a pavement management coordinator to ensure that 
pavement-related activities, including new and rehabilitated 
pavement design and construction, pavement management, research, 
technology transfer, HPMS, vehicle weight enforcement program, 
etc., are well coordinated among functional/administrative areas 
of the division office; 

monitor and evaluate pavement activities and programs, determine 
short and long-term needs, and formulate operations plans for 
meeting these needs; and 

take full advantage of available resources ta strengthen the 
technical capabilities of local government, SHA, and FHWA 
personnel in pavement-related areas. Resources available include 
annual conferences, tr•ining courses, other technology transfer 
activities and materials, as well as technical expertise within 
the FHWA staff. 

f!i:c-· ~-· -
Federal Highway Administrator 

9.4.,1 

Arch
ive

d



Fedenl bPMr I Vol 58, No. 229 I Wednesday. December 1. 1993 I Rules and R~lations 63475 

IU8CHAll'T'Elll IS-TIU.NlllOlllT A TIOH 
lfFlllAIT'RUCTUAE M.A.HAGEMEH'T 

PART ~NAGEMENT AND 
MONrTOAING SYSTEMS 

~bpst A-GenWll 

Sec. 
500.101 Purp<>sf!. 
500.1 OJ Definmons. 
500. 105 Development. establishment. and 

unplementauon of the sv!terns. 
500.107 Compliance. · 
500. 109 S.ncuons. 
500.111 Funds for development. 

establishment. and implemeotatioo of 
the systema. 

500.113 ACCl!ptaoce of existing 
management system.s. 

Su.,,_,~' M1Nq1ment s.,.wn 
500.201 l'u.rpoo.I. 
500.203 PMS deflnitiona. 
500.%05 PMS pueral requirements. 
500.201 PMS componenta. 
500.209 PMS c:omplianat tc.bedule. 

~C Bridge ~t tyttlln 
500.301 PurpoM. 
500.303 BMS del!Aition&. 
500.305 BMS geacmll n.quil'lmleuts. 
500.301 BMS compo11111t1. 
500.309 BMS c:omplil.DCI IChedule. 
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500.103 IM.5 dtbidaal. 
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S00..708 Dia aampl.iuric:a .......... 

~ H-'hlllftc ~ • .,_tor ..... ..,. 
500.801 Purpc>.. 
500.803 TMSIH ddllltiaaa. 
500.805 TMSni ,....i l'lq'llinmnta. 
S00..807 lMSIH CDDpoDMllL 
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9.5.l 

Subpllr't A-GeMnll 

1500.101 Pu~ 

The purpose of this part is to 
implement the requirements of 23 
U.S.C. 303. Management Systems. 
which requires State development. 
establishment. and itnplementation of 
systems for managing highway 
pavement of Federal-aid highwavs 
(PMS). bridges on and off Federal-aid 
highways (BMSJ. highway safety (SMSJ. 
traffic congestion (CMS). public 
transportation facilities and equipment 
(PTMSJ, and intennodal transportation 
facilities and systems (lMS). Section 303 
also requires State development. 
establishment, and implementation of a 
traffic monitoring system for highways 
and public transportation facilitiM and 
equipment. This subpart includH 
definitions and general requirements 
that are applicable to all of these 
systems. Additional requirements 
applicable to a specific system ani 
included in subparts B th.rough H of this 
pa.rt. 

I !I00.103 Olftnltionll. 

Unleu otherwise •pecified in ilia 
part. the definitions in 23 U.S.C. 101(1) 
are applicable to this part Al. used in 
thi• put: 

Cltrtifying officialf1J mearu the 
potition(a) designated by the Governor 
of a Statia or the Cammon wealth of 
Puerto Rico or the Mayor of the District 
of Columbia to certify that the 
manasemect arystem(s) is/ant being 
implemented in th• State. 

Cooperation mean.t working together 
to achieve a common goal or objective. 

Fffeml apncy(ies} means for the 
PMS and BMS. the Fedenil Highway 
Adminittntion (FHWAI: for the SMS, 
the FHWA and the National Highway 
Trame Sat.ty Adm.iniatration; for the 
CMS. PTMS. and IMS. the FHW A and 
the Federal Tranait A.dmin.ist.ratioa. 
(FT.A). 

FfJdeml-Gid highways means thOM 
bigbway• eligible for usistance under 
title 23, U.S.C..eu:apt tho• 
functionally cluaified u local or rural 
miDaE collectors. 

Highwvy Performance Monitoring 
Syst.e.m (HPMS) meua th.I State/Federal 
system Uled by the FHW A to provide 
informatiao oc the extent and physic::al 
condition of the nation's bighway 
system.. ill UM, performance. and Deeds. 
The syttem includm an inventory of the 
ution '1 highways including traffic 
•olum-. 

Lif.-cyr:le COit analysi• mee.na a 
pl'OC'.l9Cl.u.r9 for ewlUllttng I.be economic 
worth of one er more projllc:tl or 
investments by dl9countln8 future cost.a 
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over the life of the project or 
investment. 

Management system rneens 1 
systematic process. designed to assist 
dec1sionmabn in selecting cost· 
effective st.1'8tegia/act.ions to improve 
the efficiency and safety or. and protect 
the investment m. the nation's 
transportation infrastruc1ure. A 
management system includes: 
Identification of performance measuntS; 
data collection and analysis; 
detennination of needs: evaluation and 
selection of appropriate strategies/ 
actions to address the needs; and 
evaluation of the effea.ivenesa of the 
implemented strategi8111actions. 

Metropolitan planning area means the 
geographic ID'H in which the 
metropolitan tran1portation plAnning 
procesa required by 23 U.S.C. 134 and 
section 8 of the Federal Tran.sit Act (49 
U.S.C. app. 1607) mu.st be carried ouL 

Metropolitan planning organization 
(.ldPOJ meana the forum for cooperative 
trauportation d.aaionmaking for a 
metro-politan planniJli aree. 

National highway system (.'VHS) 
means the system of highw.y1 
designated and approYed in eccordance 
with the provisions of 23 U.S.C. 103(b). 

Petjormance meGSl.U!IPIJ meem · 
operational characteristic. physical 
condition. or other appropriate 
parameters uaed u a benchmark to 
evaluate the ~of tn.n.sportatioa 
facilities and ..um.te DMded 
improvemat&. 

State meam any one of the afty 
States, the District of Columbia. or 
Puerto Rico. 

Transportation Managemtmt Area 
fT.\IA.J meena an urbanized UN wit.b a 
populatiau. over 200.000 (• d.tumi.Dld 
by the latest decennial amsus) or otber 
area when TMA desfpatioa ii 
requested by the Covemor ad the la'() 
(or affected local oQ!dala). ud of!ldall7 
designated by the Adminittratcm ol tbe 
FHW A md the FrA. The TMA 
designation •Pf!!:: the 1111tiN 
metropolitan p · area(s). 

Wort plan mtnmt • wrtttm 
desaiptioD of major ldtritiet YCJ nay 
to dnelop. establilh. IDd lmphmlmt a 
management or monitariD.l llJIURD. 
including identiflardm of 
responsibilities. l'99CJIUJ'C8I. md tmpt 
dates for campletiim.clt tile major 
ect.Mties. 

flOQ.10I Dau 11111 1411111. I tll Ill I 1. 
.clll f' Dlill .. DA ..... ., 1 I 

(a) FAch State ahall cinelop. eetNJiels, 
and implement the systems identiled ID 
§ 500.101. FAch sa.te sh.all l.li.lor tbe 
systema kt meet Stu.. regional. or local 
goals. polici-. md ...,W'Cll. but tbe 
systema must meet tbe~• 

specified in subpmU B through H or this 
part. Documentation that dn:::ribes each 
management 5y1tem &hall be mai.1u.ain.d 
by the States rar UJAt Federal l89DciH to 
detennine. on a periodic basis. whether 
the systems meet the reqwremenll in 
this subpart and subparts B through H 
of this part. as applicable. 

(b) Each State shall have procedures, 
within the St.ate'• orga.u.ization, for 
coordination of the development, 
establishment. implementation and 
operation or the management systems. 
Tbe procedures must include: 

( 1 l An oversight proaru to assure that 
adequate resources ant available ror 
implementation and that target dates in 
the work plan(s) ant met: 

(2) Th• ue of data ban with • 
common or coordinated refenmce 
•ystems and methoda ror data sharing: 
and 

(3) A mechmitm to address i.ssu" 
related to the pw:po.. of more than one 
manapment 1y1tam. 

(c) ID developing and implementing 
each management symm. the State 
shall cooperabt with MPOa in 
metropolitan area. local oflic:W. in 
non·metropolitan ......_affected 
apnciea receiving uai.st.IDca wider the 
Federal Tnm.sit Act md other ageDdM 
(including private owners md 
operators) that !wWt NllPODlibilitJ ror 
operation of the aftKted trln.lpOl'taUoll 
systema or fadlitia 

(d) In acc:ordaDct with tbe pft>Yiliou 
of 23 U.S.C. 134(1)(3) ad 49 U.S.C. •PP• 
t807(1)(3) ad tbe raquiftlmmtl of 23 
aR part 450, the QdS ahall be put ol 
the metropolitan pluming proc:m1 In 
TMAI. 

(•) Within meaopolltlll planning 
ueu. the a.cs. P'IMS, and IMS ab&U. 
to tbe extent appmpriat9, be put of the 
IDlbopoiitan tnmport.mdan plaJmiDs 
~ rtqWed __. tbe proriliou of 
23 U.S.C. 134 and 49 U.S.C. •PP· ll07. 

Ul In aurtropoiltaa Pi.w:J, uw that 
have man thllll GD11 MPO or that 
include men than cae Stat!I, th• 
-.blltbmeat. ..._lopment. ad 
implmatmlatioa of tbe CMS. PrMS. IDd 
IMS ahall be coord1uaecl 11Dm11 tbe 
State(•) and MP0(1) to asu:re 
~ility of tbe 1J1U1D1 md their 

(g) The result.a (e.g.. polld., 
programs. projectl. .ec.) of the 
individual m•n..,....m tyltflmlt aball be 
considered In th• deWtlopment of 
toet:ropolitan and statewide 
tn.n.sport.ation plau and impl'OYeDlmt 
programs aod iD making pro;.:t 
•lec:tion dec::iaicma uDdlr title 23. 
U.S.C.. and u.Dd.r tbe Pedlnl Tnmait 
ltl;t.. 

(h) n. rol• ad zespaaaibiliU. of 
tbe State, MPO(sJ, r.:ipiata ol 

9.5.2 

usistance under the Federal Transit 
Act. &nd other egenaes involved in the 
develop~nt, establishment. and 
implementation of each mtem shall be 
mutually detennined by the parties 
involved. A State mav enter into 
agreements with locai governments. 
regional agencies (such n MPOs). 
recipients of funds under the Federal 
Transit Act. or other entities to develop. 
establish. and implement appropriate 
parts of any or all of the systems. but the 
State shall be responsible for overseeing 
and coordinating such 1ctivities. 

(i) Section 204lal of title 23. U.S.C.. 
requires the Secretary in cooperation 
with the Secretaries of the !ntenor and 
Agriculture to develop the safety, bridge 
and pavement management systems ror 
Federal lands highways. as defined in 
2J U.S.C. 101(a). To avoid duplication 
of effort. the management systems 
required under thi.a part should be used 
to the extent appropriate to fulfill the 
requirement in Z3 U.S.C. 204(a) 
regarding establishment aod 
implementation or pavement. bridge. 
and a.afery management systems for 
Federal l.snda highways. The State. the 
Federal agend-. and the agencies that 
owu the roads shall cooperatively 
determine responaibilitJ for CO¥ef189 of 
Federal land.a bigbwaya under their 
nspectift juriadic:ticmal control and 
sball emun that tbe l'9Allta of the PMS. 
BMS. and SMS far Federal l.snds .t 
highways are available. u appropriate, ' 
for consideration in developllig 
metropolitan and statewide 
tnmsportation plans and improvement 
programs and are provided to the 
ffiWA for UM in dfovelopi.ng Federal 
landshiabwayprogram.a. . 

(j) Eacli manqammat systmm must 
include appropriate mema to evaluate 
the effectivenea or implemented 
actions developed through u.. of that 
system. The effadiYtnMa of the 
manapme.nt systema in mbmcln1 
transportation investment decisions and 
improving the overall efficiency of the 
State's tnmport.atiOD .,._ and 
facilities shall be evaluated periodically, 
preferably u put of the metropolitan 
and statewide planning processes. 

saoo.101 ew on -. 
(a) States mu.st be implmmDdq the 

management syltema lp8Cified in 
sub}MUU 8 tbrougb G of thia put 
begixmiDs in Federal fi';;~f: 1995 
(Clacher 1. 1994 to s.p 30, 1985) 
and must cntify aDDuaily to the 
Secretary of Tnmport.ation that they are 
implementing eecb of th• management 
syatll!I&. A Stmte tball be caasidered to 
be impiemmtinlJ a mllmftJHDt system 
ii th. IJstm'.D is under drtelopment or 
in use in accordanat with the 
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compliance schedule for th.at system 11 
specified in subparts B through C or this 
part. 

(b} The> G<Jvoemor or the Slate or rhe 
CommonWMlth of Pueno Rico or the 
Mavor of I~ District or Columbia shall 
notifv the FHWA Divi~on 
Adrr..inl.SIT3tor in writing by September 
30. 1994. or the t1tl!ris) of the Ci!'l"ttfvin~ 
offic1al(s) for 6ldl manafolement system. 
If there rs a chan~ in d~rgnareod 
pos1t1onl,l. the 5la1e shall pro"ide 
documentation of the ~vised 
des1gnat1on wuh. or pnor lo. the neitt 
annual certil.iation. lo those Sl&tN 
where respoclS1b1uty for aU of the 
management sys1ems 1s withia a single 
agency leg .. State OOTl. desrgnation ol 
one certifying omcial fof all of the 
management r.ystetl'IS is recommended. 

(cl The cert.ificabon 11.&temet1l(sl shall 
be subcniued t>y t.be cerufyi11g offic.ialls• 
to the f'HWA Oiviloi.on AdmiD11tnto1 by 
January 1 of each )le&r. ~DAiDf 
January 1. 1995. To the HteDl pouih'e. 
oM certmcauon 11atament lhou.ld co"'• 
all 1ix management r.yr.tems. ll more 
than one atn.ificalH>D st.atm»nt w~U b9 
submitted by a State. the statements 
should be CIJGl'dinated • tt. State lewt 
and suhauttea ..traultaneously. tl\11 rn 
certilicauG11 ~ sbaU include a 
copy of U. warkpLaDL•). niquirld ill 
accord&ne:a wi.Ch t!MI compli.anm 
sc.hedu.le lar each IMAllMJllHK a,._, 
and • summary of Lbl stat ... or '• 
implemaotatioa ol U. man1911u1:1t 
system(sJ. Subsequenl certification 
statement(s) shall include & IWltlnll)' ol 
the lt&t\.IS or •m.p.lealeDtatioa °' aac.a 
managem•nt syll•m and a d.isa.Ls1ian of 
planced c:omictiva ldions for any 
management system(sJ or sublystam{a) 
that are not under dnelopment 01 fl.Illy 
operational in accordance with tha 
compliance schedule aDd wort plaA fix 
the man~rnwnt syst811'1.. • 

(di Tbe FHWA Division 
Administrator will pnmde copi• or tbe 
certification statement(•) and any 
relevat supportiar doauaentation and 
cornspandlam to at"- Ftlchna.I 
agenci• idalitl.fied for the .,.ctftc 
sy•-•) i• § 500.103. WldtlD to ct.,. 
of 1'90lipt. the F.-.. ..,.a. wfH 
review the c:wtiliaiticm - die PHWA 
Division Administntm wOl eotf,,. rt. 
State whether the c:ertilicatiGD i& 
acc:eptabr. or fr --=tfom may be 
imposed in accordanct with th• 
provisioru ors 500 . .1.0S.-

(e) A Stata shell Scaaaiderad to be 
implementtng the aaf'llc monflorfna 
sy!ltem far biglrwlJ'I (TMSIHJ, sp.:iW 
in subplll't H ofthfs part, Cfthe sylCem 
is under dwetapmant ar ln u. in. 
aa:ord.anc8 with th• compU&DCa 
llChedvle fn S 501U09. Tile SI.ate &ball 
submit tb9 .mt plllD for die 1"MS1B' lo 

th.e FHWA Di.vil.'ioa AdairlUltl"IU. by 
January 1. 19195. 

(The 1nfor"T!at1on ml1attiD• n111w.rur-s ill 
paragnip.lia Le> ud lei al\ 5'00. tO? M"'I! bMwi 
a p prowd t:rv t tr (){fiu of Nloi"'1lglel'llfln •ltd 
Budget under c.ormo! nwut.T 2U~~.l 

§ 500. 1 Ot S..ncttons. 
!al B~innlll'g January 1. 1995. ira 

Srate fails to certify annually as required 
i!v this M!'ltulatiorr. or if the federal 
agencies dt!termine that any 
mana~ement system o.r s.ublystem. 
spec1f1ed 10 subparts B through C of this 
part, is not being adequately 
implemented, notw1Lhstanding lbe 
State·s certirlc:at1on(sl. the Secretary 
may withhold up l.o 10 percent of\be 
funds apportioned to the Slate under 
title %3. U.S.C .• and 10 any recipient of 
assistance under lhe Federal Truait Act 
for any fiscal year beginaing after 
September 30, 1995. Sanc.tioa.s may bit 
imposed on a statewide basis.. on a 
subarea of a State, for specific categocltls 
or funds or typn or projeds, or for 
specific rec'pients or sl.lbrecip.iants of 
funds under lille %3. U.S.C .• or undar 
the Federal Transit Ad. dependiAf on 
the adequacy or imp1eau1nt11iao o{ U:ie 
man.11em•nt systemlk 

fb} While a Slate may anlar into 
agreements with local gov•mmen&s or 
other apociea to develop. establidi., aad 
impl.ament au or patta of tbe 
management systems. in aa:ord&Dm 
with § 500.105(&), lb• State dWl be 
responsible lor ensuring that lba 
systems al'll being implen:tentM 
statewide and for t.llking lily D.IUUU'1 
corrective adion. includiag 
implementing lb• system• al the 
regional and 1oc:al iltvala iC DM:a1Ury. 

Ccl Prior to ilnpoaing a sandioa. a 
State wUf be noei..lled Ln wriliD& by the 
FHW A of the sanction(a) to be impoMd. 
the l'IUOns lbr th• suaiou. and aba 
actiou neatSaaJ'Y lo comet the · 
deficinc:i-. Aftar 60 daya flam tha ... 
of noliftartfoa to the State. thti Fedacal 
apnci• will consider uy CDft'adJn 
ectiou propoud by tba St.la. ud tbli 
nlW A wfH noUfy the 5'aU [[ 1\ICh 
ICtfcms ara accspcabla or if unct.i.ona a. 
to be •Perted. 

(d) In &nstmcm wllltl'll a State. or 
l'lllpamible sub-unit of a State or 
redptmt of l'udl under the Federal 
Transit Act, bu not fully i.lnp~ 
au of the m:::i:-c 1yste.1M. 
conaidelililiGa bap,..'-1&m 
Fedllnl 191 tclla to ...... •nd ... y w 
planned 1e 1M.bt the.,.._. IUtly 
opl'l'lflonar wtthin a ftlUOnabl• time 
period. 

tie& t'o Ille--... dwif. • ., ...._ otll 
lapsed.._. wtaMW pc;IWWWlt to dm 
subput ft!t t. a.de 8ftilabl• to tta. 
State or Ndpflftt andw the,....... 

9.5.3 

Traasit Act upon a detenn1nar1on b• 1~ 
Fedenil agenc:ills thal: Ow m.-n<ll!emen1 
systems 1119 bea.DIJ IMiequ;i.tely 
implement9d. 

t 500.11 \ Fllftc:ta for -~ 
Hl.ll:IO&lllMftl. M\CS lmpWcNntabOfl or IN 
systems. 

(al The follow in~ categories of fu.nds 
may be used for development. 
establishment, Md 1mplemeo1at1on of 
any of the man~ement and monitoring 
systems: Na11onaf H1~way S~stem. 
Surface Transportation Pro'l!am. FH\\A 
State planning and research and 
metropolitan planmng funds (lnuudrng 
the optional use of minimum •llocat.on 
funds author1~~ under z::i C.S.C. &57\c; 
for carrying out the pro1ns1ons of ZJ 
U.S.C. J07(cllll and ZJ U.S.C. 1:i4(ill. 
Federal Transit Act Section 8 (-19 U.S.C. 
app. 1601). Federal Transit Act S<!<:tion 
9 (49 U.S.C. app. lli07al. Fedenl Trans1I 
Act Section 26(al(2) (49 U.S.C. app. 
1622(a)(21J. and Federal Transit Act 
Section Z6(blfll (49 U.S.C. 1pp. 
l626''blll)). Con8•1on Mil1J!ltllan and 
Ait Quality 11Dpn119ement ~ funds 
(23 U.S.C. l0o4(b)tztt IDIV be u:md for 
those 1U""'8'l"ftilnt sy..m.. tbat c::an be 
·shawn locontribute to the anasnm.nt of 
a national arabilllt air quality standard. 
ApportiDDed brid8'9 hmd1 (23 U.S.C. 
144(e)) ••1be111ect lar deveto,,..111& 
and establishment of the bridge 
management system. 

(b) Fedenl funds identified in 
pllllp9ph Jai of this ~ection used for 
devela,.eat. ""8biisbll"H!'l'lt. or 
implementation of the menl!""'ent and 
monitorniw sy•ems shall be 
administered in aa:ordanc• wilh the 
procedunt1 and NqUi"""""ts applicable 
to thili...., of funds. 

1soo.ni AIUIYMll•ha .... ............ .,__ 
(a) Ex.istina Sa.11.e laws. rum. ar 

proc:M.,,. lbM U. Federal agenciea 
detennin• MfiU the ,..,,_ ol a 
m~ l}'Allla. or pmtioa t.btnof'. 
u specified in W. ,.n...,. bl ICCllpl.lld 
by the F.o..l ~ 1rt ueu oC 
developm•l and i.mplemealM.ica al a 
newsyst ... 

(bl If I 5&N biiallJUliti .. I.,..._ f'llls, 
or proced...- lbat it wanta to 119 to 
meet the ...quirements of this put, 1t 
shall submit a written ...quest to the 
FHW A Dtrillien Administmor that the 
Fedenil 1~ aa:apt die nilfins 
man181fttM11. sys ... in mu of 
developmllllt of a aew sy•am. The 
NqUest shall include a discussion. Md 
any n~ lllppOltiag 
d~ttr.l &bows 9aw .. 
existing s,.-a a-. I.be ,.i .... flts 
or tWa l*l-n. dlamiwtatiralt lhiHI 
renec:t a. 'liNs of•• MPCllJ. 11em1t 
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operators. ind ocher affected agencies. 
as appropriate. and the actions to be 
taken to assure that the cooperation 
required under S 500.tOSlcl is 
e<;tablished. 

(cl t!pon receipt of a request. the 
FHWA Division Administrator will 
coordinate review or the request with 
the other Federal a'lenc1es '>pec1fied in 
~ 500 !03 and with appropriate FHWA 
offices. W11hm 90 dJ\S of receipt of the 
State's request. the FHWA will notify 
the State that the el::is~1ng system is 
either fully acceptable. acceptable 
subject to specific rr:odi fications. or 
unacceptable and that a new system 
must be developed. 

(d) To meet the compliance schedule 
for a system. the State must submit any 
requests under paragraph la) of this 
seL·uon no later than June t. 1994. 

Subpart 8-P•vement Management 
System 

t 500.201 PurpoM. 
The purpose of this subpart is to set 

forth requirements for development, 
establishment. implementation. and 
continued operation of a pavement 
management system IPMSI for Federal· 
aid highw1ys 1n each Stlt• in 
accordance with the provisions of 23 
U.S.C. 303 and subpart A ohhit part. 

f 500.203 .... dliftnlaona. 
Unless otherwiM specified in th~ 

part. the definitiorui in 23 U.S.C. 101(•) 
and § SOC>.103 are 1pplicabl• to UU. 
subpart. As used in this part: 
Pawm~nt design means a project 

level ac:tivity whent detailed 
engineenng and economic 
considerations are given to altermtive 
combinations of subbase. base. and 
surface materials which wm provide 
adequate load carrying capecity. Factart 
which are considered includr. 
materials. traffic. c:ibute. mainhlnll.DCI. 
drainage. and life.cycle COltL 

Pavemf!nt managem•nt qstnr (nlSJ 
means a systematic pl"OC8SI that 
provides. analym1. and tlWIUh.,._ 
pavement informatioa for u. iD 
selecting and implmHDtlna Cllll• 
effective pavmntmt ~ 
rehabilitation. and iMIDteDuce 
programs. 

f 500.205 .... fll.!!!'ll ... I .. 

(al Each Stlt• b II ..... PMS rcr 
Federal-aid bigbweys that ...u the 
requirements of § 500.207 of t.hia 
subpart. 

(b) The State is respoll.Sibbt far 
assuring t.ilat all Feet.al-aid bigbwayt 
in the State, ellCept them that I.nil 
federally owoeci. are CDnlNli by a PMS. 
Coverap of federally awned public 

roads shall be detennined cooperatively · 
bv the State. the FHWA. and the 
agencies that own the roads. 

tel PMS& should be based on the 
concepts described in the .. AASHTO 
Guidelines for Pavement Management 
S>stems." 1 

· (d) P:m~ments shall be designed to 
accommodate current and predicted 
traffic needs in a safe. dur<ible. and cost· 
effective manner. 

f 500.207 PMS component&. 

(a) The PMS ror the National Highway 
Svstem (NHS} shall. as a minimum. 
consist or the following components: 

( l) Data collection and management. 
Iii An inventory of physical pavement 

features including the number of lanes. 
length. width. surface type. functional 
classification. and shoulder information. 

liil A history or project dates and 
types of construction. reconstruction. 
rehabilitation. and preventive 
maintenance. 

(iii) Condition surveys that include 
ride. distress. rutting. and surface 
friction. 

(ivl Traffic information including 
volumes. classification. and load data. 

(v) A data base that Unb all data Illes 
related to the PMS. The data base shill 
be the source of pavement relat.d 
information reported to the FHWA for 
the HPMS in ICCOrdanC*t with the HPMS 
Field Manual.a 

(2) AMlyteS. at 1 frequency 
est1blished by the State consistent with 
its PMS abjecttves. 

{i) A paY8'1Ml'lt condition analysis that 
includes ride, diSb'esa. rutting. and 
surfaa friction. 

(ii) A pawment performanm malysis 
tb1t includes en estimatl of present end 
predicted performlDCI of specific 
pavement typee and an estimate of the 
rem&inlna ..vice life of all pavements 
OD the aMWOrk. 

(ill) An in....cmeat malysl.s that 
includes: 

(A) A network-lnel analysis that 
..Umates total COit.i for pnllMmt and 
projected c:oa.d.itlons taOSa th• network. 

(Bl A project level analysis that 
deterrnm. investment ltl'ategiM . 
including a prioritizied list of 
recommended candidate projac:ta with 

'A.ASHTO ~idel1- far ......... Ms= • s,.-. Jut,o tM. ca bt~ ._, ... 
~ .. ·rrolS....Hllli_,-a 
Tl: ; ' Ollicia& ... H. Cqlllll !awl. NW .• 
IRU .. U.S. w...,,.. .. DC :ioaot. A1'111111ie ... 
~ • piwmit.d ID dCF'RJmt 7. appmdia 
D. 

1 Hlp-y f'wfaa Moaitllrilll S,st-
(HPMSl PleW .._... •U.Cmttllldlil AMl?'lil:lll 
U1Ci suu.mal DIM .... DCn'IPHWA. AllCUM & 
tllD. (FHWA Otdlr ...._I.Bl. A"8111111it ilr 
~-~•,....ntiMlll•CH 
Jlll'7.~D. 

9.5.4 

recommended preservation treatments 
that spen sin1le-year and multi-year 
periods using life-cycle cost an1lysis. 

(Cl Appropriate horizons. es 
deterrmned by the State. for these 
investment analyses. 

(iv) Forappropriate sections. an 
engineering analysis that includes the 
evaluation or design. construction. 
rehabilitation. matenals. mix designs. 
and preventive maintenance as they 
relate to the perfonnance or pavements. 

(JI Update. The PMS shall be 
evaluated annually. based on the 
agency's cunent policies. engineering 
criteria. practices. and experience. and 
updated as necessary, 

(b) The PMS for federal-aid highways 
that ant not on the NHS shall be 
modeled on the components described 
in pans8raph (a) of this section. but may 
be tailored to meet State and local 
needs. These components shall 
incorporate the use of the international 
rou8hness index or the pavement 
serviceability niting data as specified in 
Chapter IV or the HPMS Field Manual. 

t 500.209 PMS CD11111U11'10f1 tldledula. 

(a) By October 1. 1994. the State shall 
develop e work plan that identifies 
major IClMties and responsibilities and 
includes a schedule that demonstrates 
full opeNtion and use of the~ on the 
NHS by October t. 1995, and on non· 
NHS Federal-aid highways by October 
1. 1997. 

(bl By October t. 1995: 
(1) The PMS ror the NHS shall be 

fully operational and shall provide 
projects and programs for consideration 
in deffioping metropolitan and 
statewid•transportation plans and 
improvement programs: and 

(2) PMS design for non.mlS Federal­
aid highways shall be compl9ted or 
underw1y in .ccordance wtth the State's 
work plan. 

(c) By October 1. 1997. m. PMS ror 
non-NHS Federal-aid hipways shaU be 
fully operaticmal and shall provide 
project.I and ptogl"ltm for considenition 
in developing met.ropolllMl.ud 
statewide transportation pl.au aad 
improvement pr.- =· Arch
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- Concrete Durability 
- Alkali-Silica Reactivity and Florescent Microscopy 

High-Performance Concrete 
SHRP Asphalt Support Projects 

- Pool Funded Equipment Study Support 
- SHRP Asphalt Equipment Loan Program 
- Field Implementation Asphalt 
- SuperPave Models 
- Georgia Loaded Wheel Tester 

Electrochemical Chloride Extraction from Reinforced Concrete 
Structures 

Arch
ive

d



STATUS REPORT 

Strategic Highway 
Research Program 
Product Implementation 

December 1995 

I 0 I. I 

Arch
ive

d



Arch
ive

d



2 

Table of Contents 
Foreword .................................................................................... 3 

Asphalt Update .......................................................................... 5 

Concrete and Structures Update ............................................. 9 

Highway Operations Update ................................................. 12 

Long-Term Pavement Performance Update ......................... 16 

Technical Working Group Rosters 

Asphalt ............................................................................... 19 

Concrete and Structures .................................................. 21 

Highway Operations ............................................ : ............ 23 

Long-Term Pavement Performance ................................ 25 

SHRP Product Implementation Status Report • December 1995 

10. l.3 

Arch
ive

d



Arch
ive

d



FOREWORD 
The Strategic Highway Research Program (SHRP) was conceived and 
funded by State highway departments as a means of developing new 
technologies for designing and maintaining longer-lasting, safer road­
ways. During the 5-year program, experts in materials, construction, 
maintenance, traffic operations, and other areas focused on develop­
ing better ways of building and maintaining roads and bridges. 

The research program ended in 1993. Since then, the Federal High­
way Administration (FHWA), the American Association of State High­
way and Transportation Officials (MSHTO), and the Transportation 
Research Board (TRB) have been working with highway agencies and 
industry on the implementation of SHRP products. This Status Report, 
which is published periodically. summarizes the activities and projects 
currently under way for implementing the products of the Strategic 
Highway Research Program. 

If you are familiar with the SHRP technologies and have followed 
the development of the implementation activities, the information in 
the Status Report gets right to the heart of the subject. However, if you 
are not quite so familiar with the subject, the Status Report may actu­
ally generate more questions. In those cases where the "bridge" is not 
complete, we encourage you to pick up the telephone and contact the 
chairman or secretary of the appropriate technical working group for 
additional information. 

The strategic plan for SHRP implementation is described in the 
Implementation Plan-SHRP Products (June 1993, FHWA-SA-93-054}. 
The plan describes the internal and external organizational structure, 
partners and pannerships, purposes, roles, and the implementation 
mechanisms and support functions that are used to accomplish the 
program. The plan provides the framework under which the partner­
ships function in developing the detailed product implementation 
plans. 

FHWA provides several sources of information and assistance with 
SHRP products, including the folJowing: 

• Pooled-fund purchases of new test equipment. 

• Test and evaluation projects. 

• Training, equipment demonstrations, workshops, and exhibits. 

• SHRP Information Clearinghouse, a computerized, on-line source 
of information on FHWA's SHRP implementation activities. 

• Focus, a monthly newsletter reporting on State, Federal, and in­
dustry initiatives for implementing SHRP products. 

Technical Working 
Group Contacts 
.Asphalt 
Chairman: Gerry Eler, Office 
of Englleering, 202-366-4853 
(fax: 202-366-9981; email: 
~Her@intergate.dot.gov). 

Secretary: John IYArqieio, 
Office of Technology Applica­
tions, 202-366-0121 (fax: 
202-36f>.7909; email: . 
jdangelo@intergate.dat.gw). 

Hl""'8Y Operations 
Co-Chairmen: 
Joe Lasek t'Work Zone Safety), 
Office of Highway Safety, 202-
366-2174 (fax: 202-366-
2249; email: 
jlasek@intergate.dotgov). 
Jesse Story {Pavement and 
Winter Maintenance), Office of 
Engileering, 202·366-1552 
(fax: 202-366-9981; emaH: 
jstory@intergate.dot.gov). 

Co-Secretaries: 
Mike Burk (Work Zone Safety), 
Office of Technology Applica­
tions, 202-36&8033 (fax: 
202-366-7909; email; 
_ mburkOintergate.dot.gov). 
Gary Henderson <Pavement 
and W11ter Maintenance). 
Office of Technology Applica­
tions, 202·366-1283 (fax: 
202-366-7909; tm\ail: 
ghenderson@iltsgate.dot.gcwl. 

Concrete and Sfructrnl 
Chaitrnat: Sooeel Vtnik8r. ..... 
Office of Teehliology Applica­
tions. 202·366-0120 (fu 202· 
366-7909; t!l'Nli: 
svanikarOinteliate.dot.p). 
Secretary; Donald Jacban,Of. 
fice ofTechnoloeY~. 
202-366-6770 (fax: 202·366-
7909; email: djackson 
Ointergate.dotgov}. 

Continued, page 4 
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Assisting in the development of the overall strategy for SHRP imple­
mentation is the Transportation Research Board's SHRP Committee. 
The committee. composed of top-level managers from industry, State 
highway agencies, academia, and FHWA, provides oversight to the long­
term pavement performance studies and serves as a sounding board 
for ideas for overcoming institutional barriers to SHRP implementa­
tion. 

Each State and FHWA regional and division office has designated 
a SHRP implementation coordinator. So that these coordinators can 
benefit from each others' experiences. FHWA holds a coordinators 
meeting each January in Washington, D.C. 

The technical working groups and their subgroups, known as ex­
pert task groups, are key players in shaping the scope, structure, and 
content of the SHRP implementation program. 

The MSHTO Task Force on SHRP Implementation, chaired by 
Bobbie Templeton of the Texas Department offransportation, provides 
coordination and guidance to States in implementing SHRP products. 

With local governments responsible for more than 70 percent of 
our Nation's roads and streets, local highway organizations are prime 
candidates for implementing SHRP products. FHWA has contracted 
with Hibbs Highway Engineering Services to assist the LocalTechnical 
Assistance Program (LTAP) centers with the delivery of SHRP products 
to local governments. Toward that end, Hibbs provides the CTAP cen· 
ters with news articles, technical materials, product exhibits, loaner 
equipment, and training packages geared to the needs of local high­
way agencies. 

Continued from page 3 

Long· Term Pavement Performance 
Chairman: John Hallin, Office of Engineering, 202-366-1323 (fax: 202-
366- 9981; email: jhaftin @intergate.dolgov). 

Overall Coordination 

Tommy Beatty, Office of TeclYJoloay ~. 202-366-8028 (fax: 202-
366-7909; emaH: tbeattyOintergate. dot.gov). 

To obtain a copy of the software program needed to access lie stfl>. 
Information Clearilghouse, contact Mark Bradley at Tonya (telephone:202· 
289-8108; fax: 202-289-8107). 

To be added to the Focus mailing list, contact Lisa Pope at tfaTin8b» · · 
Hughes & Associates (telephone: 202-347-1448; fax 202-347-6938}. 

··--- -·-------------------------.J 
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Asphalt UPDATE 

FHWA continues its outreach program to inform the high­
way community about the Superpave system, which was the 
primary product of the SHRP asphalt research program. 

A new brochure, "The Superpave System: New Tools for De­
signing and Building More Durable Asphalt Pavements," pro­
vides an overview of the Superpave system and a list ofresourc­
es for additional information. The brochure (Publication 
Number FHWA-SA-96-010) is available from FHWA's Reports 
Distribution Center (telephone: 703-285-2144, fax: 703-285-
2919). 

The Superpave system was also the theme of the October 
1995 issue of the Asphalt Contractor. FHWA provided several 
articles for the issue: 
• User-Producer Groups Set the Stage for Superpave 
• Team Refining Superpave Software 
• States Move Foiward on Superpave 
• Superpave Straight Talk 
• Superpave Travels a Rocky Road. to Implementation 

A new videotape on the Superpave volumetric mix design pro­
cedures, produced jointly by FHWA and the National Asphalt 
Pavement Association, will be available in January 1996. 

Superpave was very much on the agenda of the recent an­
nual meeting of the American Association of State Highway and 
Transportation Officials. Augmenting the many presentations 
and committee meetings on Superpave was FHWA's mobile Su­
perpave laboratory, which was parked outside the meeting site 
to allow participants a hands-on look at the new test devices. 

Binder Test Equipment 
Testing asphalt binders for conformance with the Superpave 
binder specification requires five principal pieces of equipment: 
• Pressure aging vessel, to simulate in-service aging of the 

binder; 
• Rotational viscometer, to determine the flow characteristics 

of the binder; 
• Bending beam rheometer, to measure the binder's low-tem­

perature stiffness; 

Superpave 
The Superpave tSuperior 
Perfomling Asphalt Pave­
ments) mix design and ana~ 
ysis system is a significant 
advancement in hot-mix as­
phalt pavement design. By 
taking into account climatic 
conditions and projected traf­
fic loads, the system allows 
highway departments ind 
contractors to create pave­
ments that will better resist 
rutting and cracking and that 
Will last longer. 

State highway agencies, 
roadbuilders, suppliers, and 
others in the highway indus­
.1ry are in the process of ac­
Quiring and teaming how to 
use the battery of new test 
equipment required for Su­
perpave mix.es. This section 
highlights 1he progress made 
by both States and industry 
in reaching the two target 
dates for Superpave impte.. 
mentation: adoption of the 
Superpave binder .specifica­
tion .by 1997, and fukcale 
use of.Superpave voUnelric 
mix design by 2000. '·' 

Since 1992, FHWA has 
been providing tectrical as­
sistance, support,· and train­
ing in the use oUhe Super­
pave system. '"Those 
activities are expet:ttd to 
continue until 2000. 
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Contacts at FHWA 
SupetJ>ave Training and Field 
Assistance: 
Jotm Bukowski 
Telephone: 202·366-1287 
Fax: 202·366-7909 
email: 
jbukowski@intergate.dotgov 
Mobile Asphalt 
Laboratories: 
Tom Harman 
Telephone: 202-366-0859 
Fax: 202-366-7909 
email: 
tharman@intergate.dot.gov 
Superpave Regional 
Centers: 
John Bukowski 
Telephone: 202·366-1287 
Fax: 202~366-7909 
email: 
jbukowski@intergate.dotgCJll 
Superpave Moders and 
Software Management: 
Joe Maestas 
Telephone: 202-366-2084 
Fax: 202-366-3713 
emaff: 
jmaestas@intergate.dot.gov · 
Asphalt Technical Working 
Group: 
Gerry Eller 
Telephone: 202·366-4853 
Fax: 202-366-9981 
email: 
geller@intergate.dolgov 

'-----~----·--

SHRP Product Implementation Stfltu:; fl,·· 

• Dynamic shear rheometer, to measure the binder's stiffness 
a.nd phase angle at intermediate and high temperatures; 

• Direct tension tester, to measure the low-temperature ten-
sile and fracture properties. 

All States now have the pressure aging vessel. rotational 
viscometer, bending beam rheometer, and dynamic shear rhe­
ometer. These devices were obtained through a pooled-fund 
purchase coordinated by FHWA. 

In addition. FHWA has loaned a full set of the binder test 
equipment to each of the five regional asphalt user-producer 
groups. This equipment will be used both for training engineers 
and technicians and for testing asphalt binder samples provid­
ed by State departments of transportation and others. 

The prototype for the third generation of the direct tension 
tester, the final piece of necessary binder equipment. is currently 
undergoing testing and evaluation at FHWA's Turner-Fairbank 
Highway Research Center (TFHRC). Once this evaluation is com­
plete and necessary changes have been made, FHWA will pur­
chase up to five additional units and loan them to the regional 
user-producer groups (UPGs) for ruggedness testing. The 
pooled-fund procurement for the States is expected to begin iri 
late 1996. 

Superpave Volumetric Mix Design 

The Superpave mix design system is based on volumetric pro­
portioning of the asphalt and aggregate materials and labora­
tory compactio11 of trial mixes using the Superpave gyratory 
compactor. All 50 States, as well as Puerto Rico and the District 
of Columbia. have received the Superpave gyratory compactor 
as part of the pooled-fund purchase. 

The Superpave system also includes mix analysis procedures 
for predicting how well a mix will perform in the field. These 
procedures are intended for mixes that will be placed in pave­
ments with very high traffic volumes and loads. Th10 new, so­
phisticated pieces of laboratory equipment-the Superpave 
shear tester and the indirect tensile tester-provide the data 
needed for the performance models. 

A prototype of the Superpave shear tester is currently being 
evaluated at the TFHRC and by the five Superpave regional cen­
ters (Alabama. Indiana. Pennsylvania, Nevada, and Texas). Be­
cause of the high cost and complexity of the device, highway 
agencies and contractors have expressed interest in a simpli- · 
fied version that would perform only the shear test (no ancil­
lary tests) and would not require a pressure chamber. Once the 
evaluation of the full-scale Superpave shear tester is complete, 

JO I 8 

Arch
ive

d



FHWA will look into developing a simplified, less costly version. 
The first-article indirect tensile tester was delivered to the 

TFHRC in July 1995. It is now undergoing testing and evalua­
tion. 

Training Programs 
Since 1993, the Asphalt Institute has, under contract with FHWA, 
offered Superpave training courses and technical assistance to 
State departments of transportation, paving contractors, asphalt 
suppliers, and others. The lnstitute's National Asphalt Training 
C.enter, located in Lexington, Kentucky, has held sixteen I -week 
courses in binder testing, drawing 290 participants. The center 
has also taught fourteen 1-week courses in mix design to 275 
engineers and technicians. 

FHWA recently awarded the Asphalt Institute a contract for 
the second phase of Superpave training. Over the next 3 years, 
the National Asphalt Training Center will provide additional lab­
oratory training in the areas of mix design and pavement per­
formance prediction. The center will also work with the Super­
pave regional centers to provide local on-site training, technical 
assistance, and workshops. 

TWo training manuals developed for the courses, Superpave 
Performance-Graded Asphalt Binder Specification and Testing 
(Publication No. SP-1) and Superpave Level 1 Mix Design (Pub­
lication No. SP-2), are available frQm the Asphalt Institute. 

Mobile Asphalt laboratories 
FHWA now has two mobile asphalt laboratories. The laborato­
ries are staffed with skilled technicians who provide assistance 
and training in Superpave volumetric mix design and quality 
control/quality assurance at construction sites across the coun­
try. The mobile laboratories are each equipped with a Super­
pave gyratory compactor and are used to demonstrate the prin­
ciples of Superpave volumetric mix design. 

This year, the labs have provided assistance at a dozen job 
sites, including an extended evaluation at FHWA'.s new test track, 
Wes Track. 

Superpave Software 
The Superpave software and performance models are currently 
being refined in response to evaluations by FHWA and its con­
tractors, as well as a select group of field testers. 

The first version of the software will be demonstrated at 
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Asphalt User· 
Producer Groups 
Northeast Asphalt User­
Producer Group 
Frank Fee 
Telephone: 609428-8808 
Fax: 609-963-0111 

Southeast Asphalt User­
Producer Group 
Paul Krugler 
Telephone: 512-465-7632 
Fax: 512-302-2215 

North Central Asphalt User­
Producer Group 
Dick lngberg 
Telephone: 612-942-3066 
Fax: 612-942-3059 

Rocky Mountain User­
Producer Group 
Bob Rask 
Telephone: 303-798-2972 
Fax: 303-794-5205 

Pacific Coast User­
Producer Group 
Rick Holmgreen 
Telephone: 713-544-8257 
Fax: 713-544-8150 

FHWA's technology fair of SHRP products, which will be held in 
conjunction with the Transportation Research Board annual 
meeting in Washington, D.C., in January 1996. 

FHWA has contracted with the University of Maryland to 
refine and manage the software, particularly the performance 
models. 

Test Tracks 
The Superpave system is currently being tested and validated 
through a variety of experimental projects. These include the 
new WesTrack facility, located at the Nevada Automotive Test 
Center. The track features 26 hot· IDtx asphalt pavement test sec­
tions. The performance of the various test sections will be eval­
uated against the Superpave performance prediction models. 

FHWA is also collecting performance data, using two accel­
erated loading facility machines at the TFHRC, to validate the 
Superpave asphalt binder and mixture specifications. 

Regional Coordination and Training 
The asphalt user-producer groups continue to play a key role in 
developing and facilitating the implementation of the Super­
pave system. They have outlined a sensible, well-planned strat­
egy for adopting the Superpave system on a regional basis. 

Superpave centers have been established in each of the five 
asphalt user-producer group regions. The centers, operated 
jointly by universities and State departments of transportation, 
will conduct a thorough and coordinated shakedown of the pro­
cedures used with the Superpave shear test and indirect tensile 
test. They will also provide training on a regional basis. 

New Logo Emphasizes Partnerships 
To emphasize the partnerships involved in implementing the 
Superpave system, FHWA recently introduced a new Superpave 
logo. The logo shows the * 
principal partners in the Su­
perpave implementation 
program-namely, the 
American Association of 
State Highway and Transpor­
tation Officials, the highway 
industry, and FHWA. "Super­
pave 2000" signifies the target date for nationwide implemen-. 
tation of the Superpave mix design procedures. 
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Concrete and Structures UPDATE 

Showcase workshops, conducted on a regional basis, are one of 
the principal means of conveying information about the SHRP 
products for improving construction and maintenance practices 
for concrete pavements and structures. Each workshop features 
hands-on training and classroom learning on a group of related 
SHRP products. In some cases, technical assistance and loaner 
equipment are available to State highway agencies. After each 
workshop, participants from State highway agencies, industry, 
and FHWA meet to discuss how the technologies can be imple­
mented on a regional basis. 

Showcase workshops are available or planned in the follow­
ing six topic areas: 
• Alkali-Silica Reactivity (ASR) 
• Concrete Durability 
• Assessment of the Physical Condition of Reinforced Con­

crete Structures 
• Methodologies for Reinforced Concrete Removal, Repair, 

Protection, and Rehabilitation 
• Electrochemical Chloride Extraction 
• High-Performance Concrete for Bridges and High-Perfor-

mance Rigid Pavements 

The pilot concrete durability showcase workshop was held June 
27-28, 1995, in Arlington, Virginia. Presented by Construction 
Technologies Laboratories (CTL), the course introduced partic­
ipants to a nwnber of devices and procedures for evaluating the 
durability of concrete. The workshop covered five main topics: 
• Permeability 
• Freeze-thaw resistance 
• Quality control 
• Nondestructive testing 
• Expert systems 

Techniques discussed included the impact-echo method for 
measuring concrete thickness and locating defects, the micro­
wave oven drying method for determining water content, and 
the hydraulic fracture test. FHWA will begin holding concrete 
durability workshops on a regional basis in April 1996. 

Eight ASR showcase workshops were held in 1995. These 

More than 40 products were 
dew!loped under SHRP's con­
crete and structures pro­
gram. These products can 
be dassified under the broad 
categories of bridge concJi. 
1ion assessment. bridge pro­
tection and rehabifitation, 
concrete cinbility, tigh-per­
'fonnance concrete., all.I 11-
kali-sica reactivft;v·~ of 
~ products can be .,.. 
plied tn both pnements and 
bridges. The focus now is an 
refining the Prodtlets :end, 
through $uch ,means :as 
showcase workshop$, intro-

. .ducing them to '.the •:St.ate 
highway departmettts:mtd 
highway contractors. 
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Showcase 
Workshops 
Alkali-Silica Reactivity 
The 3-day workshop features 
several SHRP products for 
detecting alkali-silica reactiv­
ity (ASR) in concrete in the 
field and in the laboratory. In­
cludes hands-on training in 
identifying ASB. Target audi­
ence: materials engineers in 
highway departments and 
industry. 

Next workshop; Montreal, 
Quebec, April 16-18, 1996. 

Contact Roger Surdahl, 
202-366-1563 (fax: 202· 
366-9981; e-mail: rsurdahl 
@intergate.dolgov). 

Concrete Durability 
Covers freeze-thaw durabili­
ty, concrete permeability, 
and nondestructive testing of 
concrete. Target audience: 
materials and research engi­
neers and technicians. 

Schedule: Workshops will 
commence in April 1996. 

Contact: Gary Crawford, 
202-366-1286 (fax: 202-
366-7909; email: gcrawford 
@intergate.dot.gov). 

Assessment of the Physical 
Condition of Reinforced 
Concrete Structures 
Features corrosion detection 
devices, radar l.Jlits, and rap­
id chloride test kits and em­
phasizes using these devic­
es to evaluate bare and 
covered bridges. Target au- . 
dience: bridge and construe· 
tion engineers and techni­
cians. 

Schedule: The pHot show­
case is tentativety scheduled 
for March 1996. 

Contact Donald Jackson, 
202-366-6770 (fax: 202· 
366-7909; e-mail: djackson 
@intergate.dot.gov). 

workshops are designed to give participants hands-on training 
in identifying and mitigating the effects of ASR-induced deteri­
oration in portland cement concrete. The next workshop is 
scheduled for April 1996 in Montreal, Quebec. 

Pilot workshops for the showcases on assessing the physi­
cal condition of concrete structures and repairing, protecting, 
and rehabilitating concrete structures will be held in spring 
1996. The two showcases will run back· to-back during the same 
week, to make it possible for more engineers and technicians to 
attend. 

Two ground-penetrating radar units for bridge deck evalua­
tions have been ordered for use in both the workshops and field 
corrosion activities. The equipment is due to be delivered in the 
spring of 1996. 

Three pilot electrochemical chloride extraction (ECE) 
projects have been installed: a bridge deck in Arlington, Virgin· 
ia, and bridge columns and piers in Charlottesville, Virginia, and 
Sioux City, South Dakota. ECE is a promising technique for re­
moving chloride ions from reinforced concrete structures, thus 
slowing deterioration. The pilot projects are designed to pro­
vide more information on the results of the ECE process, includ­
ing how long a treatment can be expected to last and under what 
conditions ECE treatment is advised. 

Open houses held at the pilot projects attracted a diverse 
group of attendees from State and Federal governments, pri­
vate industry, and academia. 

The pilot workshop on ECE was held in Arlington, Virginia, 
in July 1995. A field trip to the Arlington bridge project was in· 
eluded as part of the workshop. 

Equipment Evaluations 
Field evaluations of the impact -echo device are under way. The 
devices have been loaned to the highway depamnents in Wis­
consin, New York, Iowa, California, South Dakota, Missouri, Vir­
ginia, Texas, Mississippi, West Virginia, New Jersey, Nevada, 
North Carolina, Massachusetts, and Pennsylvania, as well as the 
University of Washington and the University of Texas. In addi­
tion, Kansas, South Dakota, Indiana, and the University of Lou­
isville have each purchased the equipment. 

Initial evaluation reports of the device have been turned in 
by Missouri, Wisconsin, West Virginia, and Vrrginia. Users have 
reported difficulties in taking measurements and interpreting 
data with the device and have recommended additional research 
and development. The biggest problem they encountered was 
measuring the pavement thickness within the desired accuracy 
of ±5 mm; results to date have been in the range of ±13 mm. To 
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address this problem, FHWA has begun testing a new produc­
tion unit that allows users to measure pavement thickness more 
accurately (±4 mm). 

Five small hydraulic fracture test chambers have been pur­
chased for round-robin testing. The units have been sent to Ken­
tucky, Iowa, Missouri, North Dakota, and Maryland. 

Additional air permeability test devices have also been pur­
chased, bringing the total available for loans to five. To date, the 
equipment has been loaned to Florida, New Jersey, Nevada, Ar­
kansas, Missouri, the UniversityofNebraska, theVirginiaTrans­
portation Research Council, and South Dakota. 

High-Performance Concrete 
Officials from FHWA and the American Association of State 
Highway and Transportation Officials, together with represen­
tatives from private contractors and consulting agencies, recent­
ly toured the Northumberland Strait Crossing Project in Prince 
Edward Island, Canada. They met with Canadian officials and 
had an opportunity for a first-hand look at the bridge that is 
being built with high-performance concrete CHPC). 

The first HPC for bridges showcase workshop will be held 
March 25-27, 1996, in Houston. Texas. It will cover the advan­
tages and disadvantages of high-performance concrete, mix 
proportioning, structural design considerations, and evaluation 
of bridge component performanc~. 

There are currently five HPC bridge projects being con­
structed in four States: Texas (2 bridges), Virginia, Nebraska, and 
New Hampshire. The projects are funded jointly by the Office of 
Technology Applications, the Office of Engineering R&D, the 
Office of Advanced Research, and the participating States. In ad­
dition, 10 States (California, Georgia, Iowa, Massachusetts. Min­
nesota, New York, Ohio, Pennsylvania, Texas. and Washington) 
have pooled a portion of their research funds to help finance 
two of the projects. projects. Seven more HPC for bridges 
projects have been proposed by Georgia, Colorado, Ohio, Wash­
ington, North Carolina, Nevada, and Indiana. 

FHWA is making arrangements to host an international HPC 
conference in 1997. 

Members of the expert task group (ETG) on high-perfor­
mance rigid pavements {HPRP) held their first meeting in April 
1995. As a result of their discussions, FHWA, through its region­
al offices, has invited State highway agencies to submit propos­
als for modifying or developing concrete paving projects to in­
corporate high-performance features. 

Methodologies for 
Reinforced Concrete 
Removal, Repair, 
Protection, and 
Rehabilitation 
The workshop features a va­
riety of SHRP and non-SHRP 
products fmclucing software, 
specifications, test proce­
dures, and reference docu- · 
ments). Target atidience~ 
bridge and construction en­
gitleers and teclnicians. 

Schedule: The pilot work­
shop is1entatively scheduled 
for March 1996. ,: ;; •.. ·· 

Contact: OonaldJaekSon, 
202*366-6770 (fax: 202-
366-7909; e-mail: djackson 
@intergate.dotgov}. 

£1ectrochemical Chloride 
Extraction 
Demonstration projects in 
Delaware and Maryland will 
provide the basis for discus­
ston in the workshops; Tar­
get audience: . bridge and 
construction engineers and 
technicians. ·· 

Sche<iJled for Wilmington, 
Delaware, summer 1996, 
and Baltimore, Maryland. fall 
1996. 

Contact: Donald Jackson, 
202·366-6770 (fax: 202· 
366-7909; e-mail: <tiaekson 
@intergate.dot.gov). 

High-Performance Concrete 
for Bridges 
This workshop covers mix 
.proportioning, strucUal de­
sign considerationS,and ad­
vantages and dsadvarttages 
of higfli>erfonnance:~con­
crete(HPCJ. largetaiderx:e: 
matet ials. bridge, and design 
engineer.s,' as wethas ~con­
crete inspectors. i~¥~n.c 

Contact Tenyl1alk)'ard, 
202-366-6765 tf¢402· 
366-7909; emai: thadi.yilld@ 
intergate.dot.gov}. ' ·· ' · 
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The SHRP highway opera­
tions program developed a 
wide range of test me1hods, 
desisn guides. and products 
addressing such areas as 
pavement repair, preventive 
pavement maintenance, 
snow and ice control, and 
work zone safety. Some of 
these products are undergo­
ing further evaluation and re­
finement. others, such as 
most of the work zone safe­
ty devices. have been readi­
ly adopted by State highway 
agencies. 

Showcase workshops win 
be used to introduce many 
of these products on a re­
gional basis. 

Workshop Contacts 
Snow and lee Control 
Contact Salim Nassif, 
202-366-1557 (fax: 202· 
366-9981; emat snassif 
@intergate.dot.gov). 

Pavement Preventive 
Maintenance 
Contact Michael Smith, 
202-36&4057 (fax: 202-
366-9981; email: 
mrsmithOinlergate. 
dot.gov). 

Innovative Pavement 
Maintenance 
Contact Patrick Bauer, 
202-366-1554 (fax: 202-
366-998); email: pbauer 
@intergate.dot.gov). 

Highway OperationsuPDATE 

Pavement Preventive Maintenance 
More than 100 persons attended the May 1995 pilot showcase 
workshop on pavement preventive maintenance, held in Den­
ver, Colorado. Designed for pavement, construction, and main­
tenance engineers, the workshop covered preventive treatments 
for both hot-mix asphalt and portland cement concrete pave­
ments. 

Regional workshops are tentatively scheduled to begin in 
early 1996. Workshop leaders will explain and demonstrate 
promising treatments that have been found to extend pavement 
service life. Test and evaluation plans for preventive mainte­
nance treatments will be developed, and technical assistance 
will be provided to those State highway agencies participating 
in the evaluations. 

Innovative Pavement Maintenance 
The pilot showcase workshop on innovative pavement effective­
ness was held in August 1995 in Washington, D. C. The workshop 
covered the four.maintenance areas studied under SHRP: 
• pothole repair in asphalt concrete pavements, 
• crack sealing and filling in asphalt concrete pavements, 
• spall repair in portland cement concrete pavements, and 
• joint resealing in portland cement concrete pavements. 

The workshop was divii:led into six sessions. The first two ses­
sions were aimed at upper management and emphasized the 
importance of pavement maintenance to a sound pavement 
management strategy. The other sessions were geared for main­
tenance engineers and provided more detailed information. 

Regional workshops are scheduled to begin early in 1996. 

Snow and Ice Technology 
FHWA recently wrapped up its 2-year anti-icing test and evalu­
ation project (T&E Project 28}. The study, which consisted of 
extensive field testing of various anti-icing technologies, cul­
minated in a symposium in Estes Park, Colorado, in October 
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1995. The symposium drew more than 200 maintenance engi­
neers and managers from State and local highway agencies, ac­
ademia, consultants, suppliers, and manufacturers. The 15 State 
highway agencies that participated in the study reported the 
strategies they used and the benefits they gained. The contrac­
tor for the project, the U.S. Army Corps of Engineers Cold Re­
gions Research and Engineering Laboratory (CRREL), summa­
rized the overall findings and described the methodologies used 
in the study. 

Based on data collected in the study, CRREL has developed 
a guidance manual for anti-icing operations under a variety of 
storm conditions. Highway agencies will be able to use the man­
ual to develop their own localized anti-icing strategies. A draft 
of the manual was distributed at the Colorado symposium, and 
a final version is expected in early 1996. 

Beginning in 1996, FHWA will conduct a series of2-day re­
gional workshops to showcase the snow and ice technologies. 
In addition to anti-icing strategies and technologies, the work­
shops will cover 
• methods for evaluating chemical deicers, 
• ice disbanding, 
• road weather information systems, 
• customized weather prediction, 
• snow drift control, 
• snowplow cutting edge, 
• snowplow design, and 
• snowplow scoop. 

FHWA is currently seeking participants for five test antl evalua­
tion projects: 
• Anti-icing-to evaluate how well spreader equipment distrib­

utes a finely graded salt prewetted with a liquid chemical. 
• Road weather information systems-to determine the inte­

gration and interoperability between systems from different 
vendors and to establish a standard protocol. 

• Road weather information systems-to test and evaluate 
snow and ice control management systems that are based on 
road weather information systems. . 

• Cutting edge-to evaluate a plow blade coated with a high 
cobalt grade of tungsten carbide to resist wear from shock. 

• Plow design-to evaluate a plow that combines the SHRP­
developed cutting edge, snowplow scoop, and moldboard 
design. 

Snow and Ice Test 
and Evaluation 
Project 
To solicit interest in the snow 
and ice test and evaluation 
projects. FHWA .. 
uted a broclue, 
and Ice Control'~~ 
of-the-Art ~.An 

· Invitation 1o Test and Evafua. 
1ion and Winter Wontshop.s.· 

for a copy .of:,~ ·PrO­
chure. which includeS"aa­
sponse card to inCicate ilter­
est, contact Salim Nassif· at 
FHWA {telephone: 202·366-
1557; fax: 202-3669981; 
email: snassif@intergate 
dotgov). 

13 

SHRP Product Implementation Status Report • December 1995 

l 0.1. l 5 

Arch
ive

d



14 

Work Zone Safety 
Brochure 
Highway work zones are dan­
gerous places. The need to 
perform critical road repairs 
often conflicts with the need 
to maintain traffic flow, lead­
ing to increased potential for 
work zone accidents. The 
SHRP work zone safety de­
vices were designed to ad­
dress these opposing needs. 

The SHRP work zone safe­
ty devices are descnbed and 
portrayed in an FHWA br~ 
chure, Innovative Devices for 
Safer Work Zones. The br~ 
chure covers the flashing 
stop/slow paddle, portable 
rumble strip, portabte a!Her­
rain sign and stand, direction 
indicator barricade, oppos­
ing traffic lane divider, intnr 
sion alarm, remotely driven 
vehicle, portable crash custr 
ion, truck-mounted attenua­
tor for salt-spreaders, and 
queue detector. 

The brochure also in­
cludes a listing of the SHRP 
work zone safety device con­
tacts in each of the FHWA 
regions. 

To request a copy of the 
brochure, contact Jacques 
Jenkins at 202-366-8025 
(fax 202-366-7909; email: 
jjenkins@intergate.dot.gov). 

Work Zone Safety Devices 
Since 1992, the SHRP work zone safety devices have been dis­
played at 41 major events, including such recent ones as the 
Texas Municipal League 1995 Convention and the 1995 annual 
meeting of the American Association of State Highway and 
Transportation Officials. Each FHWA region and most Local 
Technical Assistance Program (LTA.P) centers have received a full 
set of the safety devices, allowing the devices to be shown at 
many regional and local events. To make it easier for the regions 
and UAP centers to demonstrate the SHRP products to local 
and State highway agencies, FHWA has provided utility trailers 
that can easily store and transport the entire complement of 
work zone safety devices. 

FHWA is encouraging highway agencies to try out the prod­
ucts in actual field applications. Technical assistance and fund­
ing support have been provided to participating States. 

Availability of Devices 
Seven work zone safety devices are now commercially available.* 

Five companies currently manufacture intrusion alarms. 
The Safety Line Infrared Alarm (ASTI Transportation Systems, 
Newark, Delaware) consists of an infrared transmission unit 
housed in a traffic cone; the alarm unit is housed in a second 
cone. It provides both longitudinal and transverse detection. 

The Safety Sentinel Microwave Alarm (Traffic Management 
Systems Corporation, St. Louis, Missouri) is a two-unit system 
housed in plastic drums. Solar cells are mounted on top of the 
drums to recharge the batteries as needed. The system uses a 
microwave beam to provide longitudinal detection. It also in­
cludes a drone radar transmitter that sets off radar detectors in 
vehicles within 600 meters of the unit, helping to slow approach­
ing traffic. 

The Model 10 two-unit intrusion alarm (Safe Lite System, 
Newtown, Pennsylvania) runs on rechargeable batteries and 
uses a radio communications linkage between the units. A pneu­
matic tube laid on the pavement is used to detect intruding ve­
hicles and provides transverse detection at the lane closure. 

The intrusion alarm manufactured by the Columbia Safety 
Sign Company (Woodland, Washington) also uses a pneumatic 
tube to detect intruding vehicles. 

The Watchdog (Kenco International, Ligonier, Pennsylvania} 
consists of a series of pneumatic hoses hard-wired to the alarm 
unit. 

*The U.S. Government does not endorse products or manufacturers. Trade or manu­
facturers' names appear herein solely because they are considered essential to the ob­
ject of thb repon. 
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Impact Recovery Systems (San Antonio, Texas), Flexstake, 
· Inc. (Ft. Meyers, Florida), and Flasher Handling Corporation 

(Depew, New York) currently manufacture the opposing traffic 
lane divider. All tluee products feature a similar two-arrow face 
design, with the main difference between the three being the 
suppon systems for returning the divider to an upright posi­
tion when hit. 

Three companies currently manufacture devices that meet 
the basic criteria for SHRP's direction indicator barricade. The 
product from WLl Industries, Inc., (Villa Park, Illinois) has a hor­
izontal arrow on a type II barricade, while Flasher Handling 
Corporation (Depew, NewYork} and Carsonite, Inc. (Carson City, 
Nevada) place the sign panels on a suppon with a weighted base. 
The devices primary objective is to provide guidance during lane 
closures. Currently, the barricade is still considered experimen­
tal and thus requires permission from FHWA for use. 

Poly Enterprise (Monrovia, California) has produced a mold­
ed version of the portable rumble strip using virgin and recy­
cled plastic in place of the neoprene laminated version devel­
oped by SHRP. The rumble strip works best under low speed 
traffic conditions; under high traffic speeds or heavy truck vol­
ume, the strip is subject to rotation and movement. 

The original SHRP-designed flashing stop/slow paddle is 
currently being produced by a Canadian firm, Detronics, and 
distributed by Graham-Migletz, Inc. (Independence, Missouri). 
In addition, Columbia Safety Sign Corporation (Woodland, 
Washington), Action West (Kelso, Washington), A/C Enterprise 
(Vancouver, Washington), Medifax, Inc. (La Center, Washington), 
and Brittney Safety Sign (Copper Country Safety Sales, Phoe­
nix, Arizona) are each manufacturing a paddle that is based on 
the SHRP concept but that uses strobe lights or bulbs rather than 
high-intensity halogen bulbs. 

Napoleon Fabricators, Inc. (Napoleon, Ohio) andAdraCorp. 
(Huntsville, Alabama) both manufacture the portable all-ter­
rain sign and stand. AdraCorp's product is a tripod version that 
weighs just over 3 kilograms (7 pounds). 

The queue detector, which consists of a transmitter, receiv­
er, and electronics module, is available from ASTI Transpona­
tion Systems (New Castle, Delaware). The detector alerts driv­
ers to stopped or slow traffic ahead, giving them more time to 
react and prevent accidents. 

Still Under Development 
The portable crash cushion is currently being modified so that 
it uses a small trailer for more maneuverability in loading and 
unloading. Three trailer units are currently being manufactured 
for testing and evaluation by State highway agencies. 

MUTCD Approval 
The revised Part VI -of the 
Manual on Uniform Traffic 
Control Devices includes 
three of SHRP's work zone 
safety devices. 

Section 6E-4 includes a 
discussion of stop/slow pad­
dles and approves the use 
of SHRPs flashing stop/stow 
paddle. . 

SHRP's.portabte :rumble 
strip meets 1he Specifiea­
·tions set forth in Section 6f. 
8d, which descrilMls tnow.: 
able 1;ypes ()fJUf1tie . lbips 
and their .proper application, 

··•··· Section 6f-8g Covef$0p­
..posing traffic lane dividers, 

··· .. which are used as center 
lane dividers to separatetJP­
posing traffic ona.·~ 
two-way operation. · · . 
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Designed to give States the 
information and products 
they need to build and main­
tain longer lasting pave· 
ments, 1he 2().year long-tenn 
pavement performance 
(lTPP) Pfogram is almost at 
its midpoint. The program is, 
however, already delivering 
products, such as the mod~ 
fied Georgia f auttmeter and 
the faflilg weight deflectome­
ter calibration procedures. 

Some of the products 
now avaHabfe relate to ma­
terials testing, pavement per­
formance monitoring, and 
equipment standards and 
calibration procedures. Still 
U'lder development are prod- . 
ucts directed at the selection 
and effectiveness of mainte­
nance strategies, perfor­
mance of various rehabifita. 
tion techniques and mat­
erials, and the selection of 
design features for new con­
struction or total reconstruc­
tion. 

Long-Term Pavement 
Performance UPDATE 

Strategic Plan Published 
In September 1995, the CTPP program published The Long-Term 
Pavement Performance Roadmap: A Strategic Plan. The plan 
was developed with input from State and provincial highway 
agencies, the American Association of State Highway andnans­
portation Officials (MSHTO}, the Transportation Research 
Board (TRB}, industry, academia, and FHWA. 

The Roadmap contains a data analysis plan for developing 
CTPP products, and it identifies critical issues facing the LTPP 
program. The Roadmap also provides a brief history of the ITPP 
program, its partners, and their roles. It charts a course to the 
program's near-term and longer term destinations. 

The Roadmap is being widely distributed to help inform the 
highway community about the projects and products of the 
ITPP program. MSHTO has sent copies of the Roadmap to each 
State. 

Just as the CTPP program is a dynamic process, so too is the 
Roadmap; the report will be updated periodically to reflect 
changing needs :md priorities. 

A new pocket-sized brochure describing the ll'PP program 
was published by FHWA in October 1995. The brochure, titled 
Improving Pavement Technology: A 20-Year Journey, consists of 
a series of commonly asked questions and answers about the 
CTPP program. 

National Conference To Be Held in March 
To provide an update on the ll'PP program's accomplishments 
and the products being developed by the program, FHWA will 
convene a conference in Irvine, California, in March 1996. The 
conference, "Improving Pavements with U'PP: Products for To­
day and Tomorrow," will be held March 26-28 at the Arnold & 
Mabel Beckman Center of the National Academies of Science 
and Engineering. 

The conference will focus upon CTPP products that contrib­
ute to increased pavement life; early products available from 
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the LTPP program. and the path to developing additional antic­
ipated products. 

The conference is intended primarily for State, Federal, and 
industry engineers and managers with responsibilities for de­
livering pavement programs. The conference will also be of in­
terest to engineers involved in the conduct of the LTPP studies 
or other pavement research programs. 

The conference is cosponsored by: 
• American Association of State Highway and Transportation 

Officials 
• American Concrete Pavement Association 
• American Trucking Associations 
• Canadian Strategic Highway Research Program 
• National Asphalt Pavement Association 
• National Stone Association 
• 'Iransportation Research Board 

LTPP Product Preview 
In January 1996, FHWA will distribute a new brochure contain­
ing a list of the available and planned LTPP products. The LTPP 
Product Preview will include a description of each product, its 
status, and a name of the person to contact for more informa­
tion. 

Products will be grouped in four categories: materials test­
ing, design guidelines, pavement monitoring procedures, and 
equipment standards and calibration. The Product Preview will 
be used to develop implementation plans for the proaucts. En­
gineers and managers who desire to be among the earlier users 
of the products will also find the brochure helpful. 

SPS-3/4 1995 Field Evaluations Completed 
Expert teams of engineers from State highway agencies, indus­
try, and FHWA have completed their evaluations of the perfor­
mance of various preventive maintenance treatments construct­
ed in 1990 as part of SHRP. Regional teams conducted on-site 
field evaluations of the specific pavement studies (SPS) experi­
ments (flexible pavements, SPS-3, and rigid pavements, SPS-4) 
during August, September, and October 1995. Each field review 
was 6 to 10 days in length. More than 81 experimental sites and 
405 test sections were visited. 

The review teams' subjective evaluations will be used to 
complement the LTPP data analysis now under way on the 5 
years of performance data collected at the sites. The objective 
of this analysis effort is the formulation of sound conclusions 

Publication 
Requests 

To request a copy of 
• TheLong-Term Pave- . 
ment Performance Road­
map: A Strategic Plan 

. (FHWA-RD-95-200) 
• UPP Product PnMew 
• l1PP Conference Bro-

. ctue 
contact the Pavement 
Performance Division, 
Office of Eng. . 
R&Ot at 703-=5 
(fax: 703-285-2767). 
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Data Sampler 
Software 
To obtain a copy of the Data 
Sampler and Data Request 
software program, contact 
Barbara Ostrom at 703-285- . 
2514 (fax: 703-285-2767; 
email: bkostrom@intergate. 
dolgov). 

The program is furnished 
on a single 9Q.mm (3.5-inch) 
diSk. It requires a computer 
running lllder Windows ver­
sion 3.0 or higher, 2 mega­
bytes of hard disk space, 
and 4 megabytes of RAM. 

---·------

and recommendations on the performance and use of these 
preventive maintenance treatments-that is, what works, and 
wh.at doesn't. A national summary report detailing the observa­
tions, conclusions, and recommendations of the review teams 
is being developed by an FHWA contractor, Nichols Consulting 
Engineers, and should be available in early 1996. A final report 
on the entire SPS 3&4 project is also being prepared. Technolo­
gy transfer materials and manuals of practice will be developed 
to assist highway agencies in implementing the study findings. 

Monitored Traffic Data Now Included in 
National Information Management System 
The CTPP National Information Management System now in­
cludes actual traffic data collected at monitored general pave­
ment studies (GPS) sites. State and provincial highway agencies 
have been collecting the data since 1990, but access to the data 
was delayed until standardized processing procedures could be 
developed. 

The newly available traffic data covers the 1990-1993 period 
and contains information on 
• traffic and truck volumes, 
• weight distributions of axle groups by vehicle type, and 
• equivalent single-axle load estimates. 
The information is based on vehicle counts collected at more 
than 470 GPS sites and vehicle weights measured at nearly 400 
GPS sites in 48 States and provinces. 

lJPP Activities at the 1996 TRB Annual 
Meeting 
The CTPP program will be very visible at the 1996 Transporta­
tion Research Board Annual Meeting in Washington, D.C. The 
activities start on January 6 with the Data Analysis Working 
Group meeting. At the SHRP Coordinators meeting on January 
7, highlights of the ll'PP program will be presented in the ple­
nary session. An ll'PP exhibit will be set up at the technology 
fair that follows the coordinators meeting. 

The international CTPP coordinators will meet on January 
7. Participants will share the status of their CTPP activities and 
explore opportunities for further cooperative efforts. 

On January 8, Session 42 will feature a series of presenta­
tions on the Roadmap, related MSHTO activities, and CTPP 
products. 
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Asp ha It Technical Working Group 

Andrewski, Dave 
Materials Engineer 
Indiana DOT 
100 North Senate Avenue 
Indianapolis IN 45204-2249 
Phone: 317-232-5280 
Fax: 317·356-9351 

Collins, Ronald 
State Materials & Research 

Engineer 
Georgia DOT 
Office of Materials & Research 

Lab 
15 Kennedy Drive 
Forest Park GA 30050 
Phone: 404-363-7510 
Fax: 404-363-7684 

D'Angelo, John 
Highway Engineer 
Federal Highway Administration 
400 7th Street, S.W., HTA-21 
Washington DC 20590 
Phone: 202-366-0121 
Fax: 202-366-7909 

Decker, Dale 
Director of Engineering 
National Asphalt Pavement 

Association 
5100 Forbes Boulevard 
Lanham MD 20706-4413 
Phone: 301-731-4748 
Fax: 301-731-4621 

Eller, Gerald 
Director, Office of Engineering 
Federal Highway Administration 
400 7th Street, S.W., HNG-20 
Washington DC 20590 
Phone: 202-366-4853 
Fax: 202-366-9981 

Epps, Jon A. 
Professor of Civil Engineering 
University of Nevada-Reno 
College of Engineering 
Mail Stop 256 
Reno NV 89557-0901 
Phone: 702-784-6873 
Fax: 702-784-1429 

Fee, Francis 
Manager, Technical Services 
Elf Asphalt. Incorporated 
36th and River Road 
P.O. Box 638 
Pennsaukan NJ 08110 
Phone: 609-428-8808 
Fax: 609-963-0011 

Fehsenfeld, Fred 
Executive Committee Chairman 
Asphalt Refining Company 
5400 W. 86th Street 
Indianapolis IN 46268-012 3 
Phone: 317-872-6010 
Fax: 317-879-8145 

Fevre, M. Claude 
Directeur 
Groupement Professionnel des 

Bitumes 
4, avenue Hoche 

·.Paris 75008 
FRANCE 
Phone: 33-1-40537000 
Fax: 33-1-40537049 

Finkle, Rodney 
Materials Engineer 
Washington DOT 
Transportation Building, KF-01 
Jefferson Street at Maple Park 
Olympia WA 98504-7300 
Phone: 206-753-7103 
Fax: 206-705-6808 

Hallin, John P. 
Pavement Design and 

Rehabilitation 
Federal Highway Administration 
400 7th Street, S.W., HNG-42 
Washington DC 20590 
Phone: 202-366-1323 
Fax: 202-366-3713 

Holt. Dave 
Executive Vice President 
Minnesota Asphalt Pavement 

Association 
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900 Long Lake Road, Suite 202 
New Brighton MN 55112 
Phone: 612-636-4666 
Fax: 612-636-4790 
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Asphalt Technical Working Group (continued} 

Kidner, Everett 
Materials Supervisor 
Idaho DOT 
3311 West State Street 
P.O. Box 7129 
Boise ID 83707 
Phone: 208-334-8439 
Fax: 208-334-38.58 

Kline, Charles 
Chief of Materials & Testing 
Pennsylvania DOT 
Transportation & Safety Building 
Commonwealth & Forster Streets 
Harrisburg PA 17120 
Phone: 717-787-4720 
Fax: 717-787-5491 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-0131 
Fax: 202-366-7909 

McCarthy, Bernard 
Director of Technical Services 
The Asphalt Institute 
6917 Arlington Road 
Bethesda MD 20814 
Phone: 301-656-5824 
Fax: 301-656-5825 

Page, Gale 
Bit. Materials & Research Eng. 
Florida DOT 
State Materials Office 
605 Suwannee Street 
Tallahassee FL 32399-0450 
Phone: 904-372-5304 
Fax: 904-277-3403 

Potts, Charles F. 
President 
APAC, Incorporated 
900 Ashwood Parkway, 

Suite 700 
Atlanta GA 30338-4 780 
Phone: 404-392-5462 
Fax: 404-392-5593 
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Rafalowski, Mike 
Highway Engineer 
Federal Highway Administration 
HNG-23 
400 7th Street, S. W. 
Washington DC 20590 

· Phone: 202-366-1571 
Fax: 202-360-9981 

Telford, Jack 
Division Engineer-Materials 
Oklahoma DOT 
200 N.E. 21st Street 
Oklahoma City OK 73105-3204 
Phone: 405-521-2677 
Fax: 405-521-2524 

Trent, Roy 
Chief, Engrg. & Special 
Projects 
Office of Engineering R&D 
Turner-Fairbank Highway 

Research Center 
6300 Georgetown Pike 
Mclean, VA 22101 
Telephone: 703-285-2062 
Fax: 703-285-3105 
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Concrete and Structures Technical Working Group 

Brown, Bernard C. 
State Materials Engineer 
Iowa DOT 
Office of Materials 
800 Lincoln Way 
Ames IA 50010 
Phone: 515-239-1452 
Fax: 515-239-1309 

Bushman, James 
President 
Bushman Associates 
P.O. Box425 
Medina OH 44258 
Phone: 216-769-3694 
fax: 216-769-2197 

Clemena, Geraldo 
Senior Research Scientist 
Virginia Highway & Transportation 

Research Council 
530 Edgemont Road 
Charlottesville VA 22903-2454 
Phone: 804-293·1949 
Fax: 804-293-1990 

Cole, Lawrence W. 
Vice President. Engineering & 

Research 
American Concrete Pavement 

Association 
5420 Old Orchard Road 
Skokie IL 60077-1083 
Phone: 708-966-6200 
Fax: 708-966-9781 

Fiorato, Tony 
Vice President 
Portland Cement Association 
5420 Old Orchard Road 
Skokie IL 60077-1083 
Phone 708-966-6200 
Fax: 708-988-9781 

Gaynor, Richard D. 
Executive Vice President 
NAA·NRMCA 
900 Spring Street 
Silver Spring MD 20910 
Phone: 301-587-1400 
Fax: 301-585-4219 

Gehler, James C. 
Chief Materials & Phy. Research 
Illinois DOT 
2300 South Dirksen Parkway 
Springfield IL 62764 
Phone: 217-782-7200. 
Fax: 217-782-6828 

Girard, Robert J. 
Materials Research Director 
Missouri Highway and 

Transportation Department 
Highway and Transportation 

Building 
1511 Missouri Boulevard, 

Dock "A" 
P.O. Box 270 
Jefferson City MO 65102 
Phone: 314-751-1040 
Fax: 314-751-8682 

Hoblitzell, James 
Structural Engineer 
Federal Highway Administration 
HNG-32 
400 7th Street, S.W., 

Room 3203 
·Washington DC 20590 
Phone: 202-366-4598 
Fax: 202-366-9981 

Holland, Terrence 
Director of Engineering 
Master Builders 
23700 Chagrin Boulevard 
Cleveland OH 44122-5554 
Phone: 216-831-5500 
Fax: 216-831-3470 

Hover, Kenneth C. 
Director, Department of 

Structural Engineering 
Cornell University 
Hollister Hall 
Ithaca NY 14653-3501 
Phone: 607-255-3406 
Fax: 607-255-9004 

Jackson, Donald 
Highway Engineer 
Federal Highway Administration 
400 7th Street, S.W., HTA-22 
Washington DC 20570 
Phone: 202-366-6770 
Fax: 202-366-7909 

SHRP Product Implementation Status Report • December 1995 

I 0 1.23 

Arch
ive

d



22 

Concrete and Structures Technical Working Group (continued) 

Larson, Roger M. 
Highway Research Engineer 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-1326 
Fax: 202-366-9981 

Naret, Frank 
Structures Engineer 
New York DOT 
Building 5, State Office Campus 
Albany NY 12232 
Phone: 518485-1386 
Fax: 515-485-4021 

Pasko, Jr., Thomas J. 
Office of Advanced Research Ctr. 
Federal Highway Administration 
6300 Georgetown Pike, HAR-1 
Mclean VA 22101·2296 
Phone: 703-285-2034 
Fax: 703-285-2379 

Roberts, James E. 
Chief, Division of Structures 
California DOT 
1120 N Street 
P.O. Box 942673 
Sacramento CA 94273-0001 
Phone: 916-445-3810 
Fax: 91 &654-6608 

Smith, Lawrence L. 
State Materials & Research 

Engineer 
Florida DOT 
Bureau of Materials & Research 
605 Suwannee Street 
Tallahassee FL 32399-0450 
Phone: 904-372-5304 
Fax: 904-277-3403 

Vanikar, Suneel 
Highway Engineer 
Federal Highway Administration 
HTA-21 
400 7th Street, S. W. 
Washington DC 20590 
Phone: 202-368-0120 
Fax: 202-366-7909 

Virmani, Pau~ 
Highway Research Engineer 
Federal Highway Administration 
6300 Georgetown Pike, HNR-10 
Mclean VA 22101 
Phone: 703-285-2439 
Fax: 703-285-2439 

Weil, Thomas 
Group Product Manager 
W.R. Grace & Company 
62 Whittmore Avenue 
Cambridge MA 02140.1692 
Phone: 617-876-1400 
Fax: 617-876-1400 

Younger, Carey 
Research Engineer 
New Jersey State DOT 
1035 Parkway Avenue, CN 600 
Trenton NJ 08625 
Phone: 609-530-2001 

· Fax: 609-530-8294 
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Highway Operations rechftica1 working Group 

Amsler, Sr., Duane E. 
Civil Engineer Ill 
New York DOT 
Building 5, State Office Campus 
Albany NY 12232-0001 
Phone: 515-457-9501 
Fax: 518-457-4021 

Burk, Mike 
Safety & Design Applications 

Branch 
Federal Highway Administration 
400 7th Street, S.W., HTA-31 
Washington DC 20590 
Phone: 202-366-8033 
Fax: 202-366-8518 

Cumberledge, Gaylord 
Chief, Roadway Management 

Systems 
Pennsylvania DOT 
Transportation & Safety Building 
Commonwealth & Forster Streets 
Harrisburg PA 1 7120 
Phone: 717-783-6145 
Fax: 717-787-7839 

Dudeck, Conrad L. 
Professor of Civil Engineering 
Texas MM University 
TTI-CE Tower, Suite 310 
Texas Transportation Institute 
College Station TX 77843-3135 
Phone: 409-845-1727 
Fax: 409-845-6254 

Garrett, Robert M. 
Executive Director 
American Traffic Service 

Association 
ATSSA Building 
5440 Jefferson Davis Highway 
Fredericksburg VA 22407 
Phone: 703-898-5400 
Fax: 703-598-5510 

Hanneman, Richard L 
President 
Salt Institute 
700 North Fairfax Street, 

Suite 600 
Alexandria VA 22314-3040 
Phone: 703-549-4648 
Fax: 703-548-2194 

Henderson, Gary 
Chief, Roadway Applications 

Branch 
Federal Highway Admil'listration 
Nassif Building, HTA-21 
400 7th Street, S.W., 

Room 6319 
Washington DC 20590 
Phone: 202-366-1283 
fax: 202-366-7909 

Humphrey, Norman 
Maintenance Engineer 
South Dakota DOT 
Transportation Building 
700 East Broadway Avenue 
Pierre SD 57501-2586 
Phone: 605-773-3571 
Fax: 605-773-3921 

Joseph, Charles 
President 
Charles Joseph Traffic Services 
514 S. Church Street 
Rockford IL 61101 
Phone: 815-964-9640 

·fax: 815-964-5318 

Kuemmel, David A. 
Assistant Professor of Civil 

Engineering 
Marquette University 
1515 West Wisconsin Avenue 
P.O. Box 65 
Milwaukee WI 53233 
Phone: 414-288-3528 
Fax: 414-288-7082 

Lasek,Joseph 
Chief, Technical Development 
Federal Highway Administration 
HHS·ll 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-2174 
Fax: 202-366-8518 

Law, Charles 
District Engineer 
Georgia DOT 
15 Kennedy Drive 
Cartersville GA 30120 
Phone: 404-387-3602 
fax: 404-363-7684 
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Highway Operations Technical Working Group (continued} 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street. S. W. 
Washington DC 20590 
Phone: 202-355-0131 
Fax: 202-366-7909 

MacMullen, John 
Membership Services 

Representative 
American Public Works 

Association 
105 West 11th Street. 

Suite 1600 
Kansas City MO 64105-1805 
Phone: 816-472-5100 
Fax: 816-472-1510 

McCarthy, Bernard 
Director of Technical Services 
The Asphalt Institute 
6917 Arlington Road 
Bethesda MD 20814 
Phone: 301-656-5824 
Fax: 301-656-5825 

Pletan, Rodney A. 
State Maintenance Engineer 
Minnesota DOT 
Transportation Building 
395 John Ireland Boulevard 
Saint Paul MN 55155 
Phone: 512-297-3590 
Fax: 612-297-3150 

Smithson, Leland 
Director, Office of Maintenance 
Iowa DOT 
800 Lincoln Way 
Ames IA 50010 
Phone 515-239-1519 
Fax: 515-239-1539 

Story, Jesse 
Chief, Program Management 
Federal Highway Administration 
C&M Division, HNG-21 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-1552 
Fax: 202-366-9981 

Swenson, Arlen l 
Manager, Rental Marketing 
John Deere National Sales 

Division 
400 19th Street 
Moline IL 61265 
Phone: 309-765-3170 
Fax: 309-765-3123 

Tignor, Samuel 
Information & Behavorial 

Systems Division 
Federal Highway Administration 
TFHRC, Room T-210 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 703-285-2031 
fax: 703-285-2113 

Toth, Stephen A. 
Chief, Bureau of Equipment 
New Jersey State DOT 
1035 Parkway Avenue, CN 600 
Trenton NJ 08625 
Phone: 609-530.2200 
Fax: 509-530-8294 
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Long-Term Pavement 
Performance rechnica1 working Group 

Christory, JeaM>ierre 
Laboratorie reg. de l'Ouest 

Parisien 
12, rue Teissereno de Bort 
78190 Trappes 
France 
Phone: 33-1-24821234 
Fax: 33-1-30508369 

Churilla, Charles J. 
Chief, Pavement Performance 

Division 
Federal Highway Administration 
Turner-Fairbanks Highway 

Research Center 
6300 Georgetown Pike (HNR-40) 
Mclean VA 22101 
Phone: 703-285-2355 
Fax: 703-285-2767 

Dougan, Ph.D., Charles E. 
Director of Research & Materials 
Connecticut DOT 
24 Wolcott Hill Road 
Wethersfield CT 06109 
Phone: 203-258-0372 
Fax: 203-566-4904 

Ertman Larsen, Hans Jorgen 
Head of Road Research Division 
Danish Road Institute 
Elisagaardsvej 5 
P.O. Box 235 
Roskilde DK 4000 
DENMARK 
Phone: 45-46300100 
Fax: 45-46300105 

Hallin, John P. 
Pavement Design and 

Rehabilitation 
Federal Highway Administration 
400 7th Street. S.W., HNG-42 
Washington DC 20590 
Phone: 202-366-1323 
Fax: 202-366-3713 

Henderson, Gary 
Chief, Roadway Applications 

Branch 
Federal Highway Administration 
Nassif Building, HTA-21 
400 7th Street, S.W., 

Room 6319 
Washington DC 20590 
Phone: 202-366-1283 
Fax: 202-366-7909 

Knutson, Marlin J. 
President 
American Concrete Pavement 

Association 
3800 N. Wilke Road, Suite 490 
Arlington Heights IL 60004 
Phone: 708-394-5577 
Fax: 708-394-5610 

Lord, Byron N. 
Chief, Engineering Applications 
Federal Highway Administration 
400 7th Street, S.W. 
Washington DC 20590 
Phone: 202-366-0131 
Fax: 202-366-7909 

Mathews, Jack R. 
Executive Director 
Alabama Asphalt Pavement 

Association 
P.O. Box 70396 
Montgomery AL 36107-0396 
Phone: 205-835-5314 
Fax: 205-265-4931 

Staggs, William 
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Pavement Management Engineer 
Arkansas State Highway & 

Transportation Department 
P.O. Box 2261 
10324 Interstate 30 
Little Rock AR 72203 
Phone: 501-569-2265 
Fax: 501-569-2623 

McWaters. Brian 
Pavement Engineer 
Iowa DOT 
800 Lincoln Way 
Ames IA 50010 
Phone: 515-239-1510 
Fax: 515-239-1873 

Pryor, Charles A. 
Vice President Engineering 
National Stone Association 
1415 Elliot Place, N.W. 
Washington DC 20007-2599 
Phone: 202-342-1100 
Fax: 202-342-0702 
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Long-Term Pavement Performance Technical Working Group (continued} 

Shaffer, Douglas L. 
Senior Program Officer 
Transportation Research Board 
GR 326 
2101 Constitution Avenue, N.W. 
Washington DC 20418 
Phone 202-334-1430 
Fax: 202-334-2003 

Sullivan, Richard H. 
Director 
Minnesota DOT 
Transportation Building 
395 John Ireland Boulevard 
Saint Paul MN 55155 
Phone: 612-296-5509 
Fax: 612-297-3160 

Tahir, A. Haleem 
SHRP Product Implementation 

Coordinator 
American Association of State 

Highway and Transportation 
Officials 

Building 226, Room A365 
Gaithersburg MD 20899 
Phone: 301-975-6704 
Fax: 301-330-1956 

Teng, Paul 
Chief, Pavement Division 
Federal Highway Administration 
400 7th Street. S.W., HNG-40 
Washington DC 20590 
Phone: 202-366-1324 
Fax: 202-366-9981 
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Engineer 
Arizona DOT 
206 S. 17th Avenue, Room 102A 
Phoenix AZ. 85007 

. Phone: 602-255-8085 
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us. Dew liienl 
Cl 1tansponCmQn 

F9dltral Highway 
Ac:tnnstratton 

suo~c:1 SHRP In:f ormation· Clearinghouse 

Associate Administrator for 
i:rom Safety and system Applications 

Washinqton, o.c. 20590 

To Reqional Administrators 

Memorandum 

Date July 22, 1994 

Reoiv 10 
Alln 01 HTA-3 

One of the challenges in conducting the SHRP implementation 
program ~s communication, within FHWA, and with all of our 
partners regarding the structure and status of the program,· and 
about the numerous opportunities to participate. One 
communication.tool is the FHWA 1 s SHRP Product Implementation 
Status Report. Prepared quarterly, the Status.Report captures 
the highlights of the SHRP implementation program; Attached is 
the June issue. To date, the FHWA has utili~ed its traditional 
communication mechanisms supplemented by extensive use of 
E-mail directly to the FHWA s~ coordinators in the regions 
and divisions. The Status Report i• one example of the 
information that is distributed via E-mail to our field. 
off ices. National and regional meetings have also been used to 
tell the story. The FHWA also publiabea the SHRP FOCUS monthly 
newsletter which is.sent to a,soo individual• nationally and 
internationally. 

one of the recommendations which the FHWA received regarding 
SHRP implementation communication was to establish a computer 
based information system. One that would allow any interested 
party to learn what is planned, who is doing it, and when it 
will happen. The.SHRP Information Clearinghouse contains: 
(1) Status Report, (2) ~oduct Information, (3) Calendar, 
(4) Directories, and (5) SHRP Report Abstracts. 

The Clearinghouse, which is.operated by the Office of 
Technology Applications is currently accessible to all users 
via a modem and an BOO telephone line. The only requirement 
fer operation of the· system is that a user execute·a aeries of 
computer commands on his or her initial entry. These 
instructIOna have been E-mailed directly to th• region and 
division SHRP Coordinators. We are currently exploring options 
to access the Clearinghouse on the FHWA WAN and AASHTO VAN. 

A• the principal potential user• of the SHRP producta, the " 
State highway agencies need to b• introduced to th• ~ 
Clearinghouse and provided the computer instructions. To . . • 
strengthen the SHR.P implementation partnership, we are :; • 
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requestinq that the division offices inform the State highway 
aqenciea about the Clearinqhouse. To assist the divisions, 
attached are: 

A suqqested letter from the division office to the State 
introducinq the Clearinqhouae - pl•••• ao4if7 th• letter 
to auit local con4itiona, 

Sufficient quantity to provide two computer diskettes to 
each State, and 

An information paqe describinq the Clearinghouse. 

The letter to the State should also go to the Local Technical 
Assistance Proqram CLTAP) Technoloqy Transfer centers in each 
State and in Puerto Rico. A l,imited number of SHRP product• 
are of interest to small and local qovarmnents. The FHWA i• 
f undinq a contract to promote SHRP products to local 
qovernments through the LTAP technology transfer centers. 
Information on the implementation •ff orts for local governments 
is also contained in th• Clearinghouse data bases and each 
center is beinq ·sent directly a. copy of the diskette. A 
separate distribution will. be made to th• four technoloqy 

·transfer centers for American Indian tribal govermnenta. 

Industry, national associations and trade publications, 
academia, and international users.will be informed about the 
Clearinghouse throuqn magazine articles in roc;us, PUBLIC RQAQS, 
oth~r maqazines,. and general advertisements. Please feel free 
to inform regional and local industry and publications 
regardinq the availability and access to the Clearinghouse. 

The reqions, divisions, and States have all cooperated 
enthusiastically and siqnif icint progress has been made toward 
the adoption of the SHRP products. However, a lot remains to 
be accomplished and your continued support and participation is 
critical to the overall success of the implementation effort. 
The Headquarters SHRP implementation team is available to 
assist you. Please do not hesitate to contact any ot th• 
individuals identified in the Status Report for assistance• 

Attachments 
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SHRP Information Clearinghouse 

As part of its SHRP implementation program, FHW A ·has initiated numerous activities, 
including workshops, exhibits, technical assistance, and test and evaluation projects. 
Keeping track of all that infonnation is a fonnidable task. 

FHW A created the SHRP Infonnation Clearinghouse to make it easier for State 
departments of transponation, industry, academia, the international community, and 
others to check the status of the SHRP products and to get infonnation about FHW A's 
implementation activities. 

The Clearinghouse is actually a set of five databases, housed in an IBM-compatible 
computer. A customized software program links the databases and provides a . graphical 
user interface. FHW A regularly reviews and updates the data. 

The Clearinghouse includes: 

• The full text of the most recent version of FHW A's SHRP. Implementation Status 
Report 

• Product · Infonnation 
-Historical and current information . 
-Information on the showcase workshops and contracts 
-Information on the States participating in test and evaluation projects for SHRP 
products 

• Calendar of SHRP-related exhibits, workshops, training programs, and meetings 

• A directory of FHW A contractors, technical working group and expcn task group 
members, technical assistance sources, SHRP coordinators, and others involved in 
SHRP implementation activities . 

• Abstracts of all SHRP reports - as well as infonnation on ordering the reports 

The Clearinghouse runs in a user-friendly Windows environment. It is easy to navigate; 
the user se1ects from a series of menus. There arc no special computer hardware or 
software -requirements, but a mouse is recommended. 

The SHRP Information Clearinghouse became operational in July 1994. You can reach 
the Clearinghouse through FHW A • s local-area network or by using a high-speed (9600 
baud or faster) modem to dial directly into the host computer. To request a copy of the 
self-installing software (which you will need to dial in to the Clearinghouse), contact 
Tonya Inc. at 202-289-8108. For more information about the SHRP Information 
Clearinghouse, contact FHW A's Office of Technology Applications (fax .~02-366-7909). 
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Memorandum 
US, 0eoG Ii I ienf 
Of Tr otlSPOicna 1 

Feden:ld ttlgtMlay 
Aclrnb'lish alluh 

suo1ec:1 Implementation Plan ·for the Strategic 011e .June 3, 1993 
Highway Research Program (SHRP) Products 

Executive Director 

To Associate Administrators 
Regional Administrators 

Reotv to 
Ann Qt 

Federal Lands Highway Prog~am Administrator 

HTA-3 

The Federal Highway Administration (FHWA) continues to put a 
priority on the implementation program !or the SHRP products •. 
Most recently, the attached plan on SHRP products implementation 
was developed under the direction of the FHWA SHRP Implementation 
Coordination Group (SICG). The plan describes the overall 
approach, the partnerships· that are considered essential to the 
successful implementation of the SHRP products and th• roles of 
the involved organizations, including our field offices. Also, 
attached is a companion document that lists the organizational 
memberships of the various committees and task forces associated 
with this program. 

The plan was developed with the understanding that it is a living 
document that would grow and change in response to the needs of 
the users of the SHRP products. It provides the framework by 
which the specific individual product{s) implementation plans, 
both national, regional and State, will be developed. To be 
successful, the specific product implementation plans must be 
tailored to meet regional and ~tate conditions. It is strongly 
recommended that the regions and divisions be active participants 
with the States and industry in the development of these 
implementation plans. · 

During the coming months, FHWA will continue to put in place the 
SHRP products implementation mechanisms and activities such as 
the four technical workinq qroups, the development of specific 
national plans and the showcase contracts ref erred to in the 
plan. l!QJ!_ever, within the framework described in the plan you 
are enccuraged to begin planning the development of regional 
strategies and pos&ible organizational structures that include 
our partners. I strongly encourage you to become actively 
involved in this process and in the subsequent implementation 
activities. 
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The Off ice of Technoloqy Applications (OTA) is available to 
provide additional information reqardinq the SHRP implementation 
plan and to aaaiat your staff in the development of reqional and 
State plans. Duri·ng- thi• awmner and fall visits by OTA statf to 
your Reqion, meetinqs will be held to discuss the proqram with 
your staff. 

Attachments 

· : ·· · · Administration 
:ederal Hhiq~w1~Ya·lJ'p•J66_6626:5/26/93 iTA-J:CC uri - • • 
:c: HOA-1 

HOA-2 
HOA-3 
HO AES 
HST-1 3401 
HTA-l' 
HTA-J Official File 

E. Dean Carlson 
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"'°~c1 SHRP Products Implementation 

F,o,,, txec:uti ve Dire.ct or 

Associate Administrators 
re Reqional Administrators 

. Memorandum 

01tt November 22, 1993 

HTA-3 

~ederal Lands Hiqhway Proqram Administrator 

The Federal Hiqhway Administration (FHWA) has made si;nif icant 
progress in the SHRP implementation activities at the national 
level. The four Technical Workinq Groups (TWGa) have been formed 
and are addressinq the development of product•specif ic 
implementation plans, contracts for·varioua SKRP implementation 
support functions are in place, and the first of the ahowcaaa 
contracts has been awarded. Attached for your information ia th• 
SHRP Implementation Status Report that describe• the FHWA 
activities. This report is routinely distributed on E-mail to 
the region and division off ice SHRP coordinators. 

One of the SHRP support activities i• a Speaker• luraau that 
provides FHWA a mechanism to respond to tb• aany request• for 
presentations on SHRP products. Whan J'HWA at.a.ff i• unable to 
respond to a request for a SHRP presentation, tb• Speakers Bureau 
can provide a knowledgeable individual from the private sector. 
The FHWA also has other means available when we wish to utilize 
an individual from a State highway aqency as a SHRP products 
speaker. Pl•••• contact Charlie Churilla (202•366-6626) in the 
Off ice of Technology Applications if we can help in this regard. 

One of the field office SHRP implementation activities that is 
extremely important i• working with the State highway aqenci•• to 
establish or foster th• operation of SKRP impl .. antation 
activities. A number of States have established SKRP 
implementation committees aa a means to coordinate the evaluation 
and adoption of SHRP products. In those States that have such a 
committee, th• region and division offices can play valuable 
roles as an information source on th• products and a champi.on for 
the many implementation activiti•• being offered by FHWA. I &JI 
requestin;..that you encourage the Division Ad:miniatratora to 
discuss SHRP implementation with their State counterparts. 
In those instance• where an implementation process doea not 
exist, the importance of taking action now should be stressed • 

• "q~~ 
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In the many instances where such a committee or process already 
exists, th• diseussipn should focus on the strenqtheninq of the 
State-F.HWA implementation partnership. To assist you in· this 
effort, attached are copies of a SHRP Implementation video~ape 
preparea by FHWA. · 

During the lite ot the SHRP, an annual State Coordinators' 
meeti~; was held in conjunction with the Transportation Research 
Board {TRB) Annual Meetinq. The SHRP meetinq is beinq continued 
by FHWA, with the support ot TR:s, and will focus on the 
i~plementaticn activities and the continuation of the Lonq Term 
Pavement Pertormanee proqram. In the past, this maetinq has been 
extremely well attended with representatives from 70+ percent of 
the States. Attendance by a reqional office representative, and 
at your discretion from one of your division offices, is 
recommended. Washington Off ice Directed Travel has been approved 
fer the SHRP Coordinators' meetinq. 

Also, durinq the tall, representatives from th• Headquarters 
off ices involved in the SHRP implementation efforts have visited 
most of th• reqional otf ices .to provide firsthand information on 
the SHRP implementation activities and to discuss the region and 
division otticas' roles in th••• activities. one ct the items 
specitically addressed durin9 several of these maetinqs was the 
tundinq tor the SHRP impl•m•ntation.activiti•• at th• re9ional 
and State lev•ls. As the national·implemantation plans are 
developed by th• TWGa, each reqion will have the opportunity to 
develop raqional plans tor specific produc:ta or showcase group of 
products. Activities in the reqional plans may include test and 
evaluations, reqional equipment purdlaaea,-and.aaaociated 
administrative costs for the reqional technical committees. The 
Off ice of Technoloqy Applications is available to assist your 
cff ice in the development ct these reqional plans and to provide 
the fundinq for these field-led implementation activities. 
Oetailed intormation reqardinq the fundin9 of the reqional plans 
will be torthcominq. 

For ':he SHR.P implementation to be a succesa, it requires the 
active participation by. ·all the partners. At the national level, 
TRB, AASHTO, and FHWA have taken a number ot siqnificant steps 
towards this ;oal. However, to ultimately reach the goal, the 
States in cooperation with the FHWA field offices and local 
industry must act. I, again, want to stronqly encourage you and 
your staff to continue to be active participants in the 
implement&ti..on process. 

E. Dean Carlson 

2 Attachments 
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• Integration of equipment procurement with natiqnal training agenda. 
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INFORMATION: 
Publication 

Distribution cf 

Associate Administrator for Safety 
and System Applications 

Regional Administrators 

Memorandum 

Oat~ March 23, 1994 

l<~O:• !: HTA-lJ 
AfT,._ :::" 

Federal Lands Highway Program Administrator 

Distributed with this memorandum is Federal Highway 
Administration Teehnoloay Applications Program. April 1994, 
Publication No. FHWA-SA-94-028, an update of the ~uly l99J 
publication (FHWA-SA-93-075). This provides a current listinq of 
all technology transfer projects and an up-to-date status on the 
activities within the project. The Office of Technoloqy 
Applications {OTA) will continue to update and distribute this 
publication periodically in order to keep the field offices, 
States, and Technology Transfer Centers up to date on the .. , .. _..,_ .. ·-
technology transfer activities underway. 

Sufficient copies of this publication are being distributed to 
provide 6 copies to each regional office and 10 to each division 
off ice. Direct distribution is being made to the division 
off ices; copies for State highway agencies are included with the 
copies for the division offices. Two copies are also beinq sent 
to each Local Technical Assistance Program Technology Transfer 
Center. 

A limited number of additional copies are available from the FHWA 
Research and Technology Report Center, HRO-ll, Room A-200, 
6300 Georgetown Pike, McLean, Virginia 22101-2296. 

Attachment 
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DP-75 Mobile Concrete Laboratory (SHRP) 

DESCRIPTION : The project's goals include demonstration of state-of-the-art concrete technology in 
matenals selection, mix designs, laboratory testing, anc :Id testing. Project activities include guidance for 
updating specifications and use of computer technology for -..:sign, testing, and data storage. A partnerslup with 
manufacturers, contractors, industry associations, and academia is maintained in all of the project's activities. 

This project demonstrates the use of innovative laboratory and in situ testing equipment. and promotes lugh­
perf ormance concrete and the use of chemical admixtures. This project also supports the activities of SP-20 l, 
"Accelerated Rigid Paving Techniques." 

BACKGROUND: With today's construction heavily involved in rehabilitation and reconstruction, lughway 
engineers place ever greater demands on Ponland cement concrete. These demands include lower permeability, 
higher and earlier strength, and improved workability. Many concrete admixtures are available today that 
specifically address these demands. However, to understand and effectively use these admixtures, innovative mix 
designs, testing equipment, and techniques are a prerequisite. 

With the use of a mobile concrete laboratory, 26 field demonstrations have been performed in the last S years. 
Two-day workshops on state-of-the-an concrete technology have been conducted in 44 States. Twenty 1-day 
seminars on "Concrete Admixtures" have been conducted. Many presentations, including the mobile concrete 
laboratory, have been given at national. regional, and local FHW A and industry meetings. More than 2,500 State 
OOT and FHW A engineers have attended workshops, seminars, and field demonstrations. Under the equipment 
loan program, in situ testing equipment has been loaned to 20 States. 

PROJECT MANAGERS: Suneel Vani.kar, HTA-21, (202) 366-0120 and Gary Cra\\ford, HTA-21, (202) 
366·1286 

STATUS : In 1995, mobile laboratory field demonstrations were conducted in Texas, Ohio, and Virginia. 
One-day nondestructive testing (NDT) workshops were held in Missouri and Iowa. This NOT workshop will be 
presented in several States over the next few years. This workshop includes some SHRP-developed products. 
A Concrete admixtures seminar was presented in Hawaii. 

The remaining States "ill be visited over the next several years, with many States asking for repeat \'isits as the 
SHRP-developed products arc included in the laboratory. The 1-day admixture seminars will contmue for a few 
more years. Additionally, this mobile laboratory will suppon efforts related to implementing SHRP-developed 
concrete technology. The major emphasis for the next several years will be on field demonstrations of the SHRP­
developcd products and implementation of Perfonnancc Related Specification for Concrete Pavements. 

TECHNOLOGY TRANSFER AIDS: Mobile laboratory, telephone and on-site assistance, speakers, 
specialized workshops and seminars, and nondestructive equipment loan program. A new mobile concrete 
laboratory was acquired in 1995. 

PUBLICATIONS : FHWA reports on several field studies available through the Office of Technology 
Applications. 
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DP-84 Corrosion Survey Techniques 

DESCRIPTION : The objective of this project is to demonstrate and document the latest concepts and test 
procedures for corrosion surveys on reinforced concrete structures. A secondary ob3ective is to work in 
conjunction ,,;th States to collect data on structures that already have protective systems and to detenm.ne their 
effectiveness. The project is divided into three distinct modules: 

Executive Presentation Slide presentation and some equipment demonstration. 

Equipment Demonstration Slide presentation on bridge evaluation techniques and 1- to 2-day 
equipment demonstrations. 

Hands-on Training and Testing. Three to four days of hands-on experience with equipment. 

A loan program for States that arc interested in a panicular piece of equipment. 

Several products developed under the Strategic Highway Research Program (SHR.P) are being demonstrated as 
part of this project. 

BACKGROUND : Deterioration of reinforced concrete by corrosion of the reinforcing steel is the most 
frequent cause for needing maintenance, rehabilitation, or replacc:ment of concrete structural clements. The ability 
to identify an active corrosion process in the early stages is the most important factor in minimizing the cost of 
corrosion-related repairs. 

Today's equipment is lighter, stronger, more durable, and is capable of interfacing with microcomputers through 
CADD-like software. Additionally, with the gro\\ing attention paid to concrete substructure corrosion, this 
equipment solves some of the difficulties of surveying vertical surfaces over rivers, coastal waters, and freeways. 
Some tests that "ill be perfonned arc half-cell potential survey, delamination mapping, rapid field measuring, 
chloride content, concrete cover survey, rebar corrosion rates, and crack measurement. 

PROJECT MANAGER : Donald Jackson. HT A·22 (202) 366-6770 

STA TIJS: This project was announced late in 1991. DP-84 has been presented 36 times since then. Interested 
States may request demonstrations from the project manager. 
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DP-87 Drainable Pavements 

DESCRIPTION: This project was developed to help State highway agencies and industry partners become 
more familiar \\1th new tedmiques in permeable base and edgedrain system design and constructiou. This project 
concentrates on the use of permeable bases \\ith concrete pavements and consists of a workshop that features a 
slide presentation, design manual, and field construction technical assistance. It also incorporates a hydraulic 
demonstration model that presents the drainage rate of various aggregate materials used in road building, 
including permeable bases. 

BACKGROUND : Water in the pavement section is recognized as a major factor in pavement deterioration 
and early loss of pavement service life. In recent years, highway engineers have recognized the cost benefits of 
providing permeable bases to drain the pavement section. New aggregate gradations and stabilizing materials 
for base courses have been used to provide a balance between drainability and stability. Construction engineers 
also have developed new techniques for placing and compacting permeable base material. 

PROJECT MANAGER: Roben Baumgardner, HNG-42, (202) 3664612 

ST A TUS : More than 40 workshops have been completed to date. Scheduled presentations concluded in 
March l 994. The scope of the workshop portion of this project will be expanded in a future NHI course to 
include retrofit edged.rains and drainage of flexible pavement. (See DP-87 Phase II., page under Asphalt 
Pavement Design and Construction.) 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning). 
specifications from Wisconsin. technical assista.nc:c, construction evaluation monies (limited), computer software 
available from PCT rans, University of Kansas, and Mc Trans, University of Florida. 
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DP-87 Drainable Pavement Systems (Phase II) 

DESCRIPTION: This project was developed to help State highway agencies and industry partners become 
more familiar with new techniques in penneable base and edgedrain system design and construction for concret: 
pavements. This phase of the project v.ill concentrate on the use of permeable bases with asphalt pavements and. 
as with concrete pavements under Phase I, consists of a workshop that features a slide presentation, design 
manual, and field construction technical assistance. 

BACKGROUND: Water in the pavement section is recognized as a major factor in pavement deterioration 
and early loss of pavement service life. In recent years, highway engineers have recognized the cost benefits of 
providing permeable bases to drain the pavement section. New aggregate gradations and stabilizing materials 
for base courses have been used to provide a balance between drainability and stability. Construction engineers 
also have developed new techniques for placing and compacting permeable base material. 

PROJECT MANAGER: Robert Baumgardner, HNG-42, (202) 366-4612 

STATUS : This project is being expanded in an NHI course to include retrofit edgedrains and drainage of 
flexible pavement. In addition, a contract has been awarded to Applied Research Associates to develop a 
microcomputer program to calculate pavement subsurface drainage. 

TECHNOLOGY TRANSFER AIDS : Workshop available on request (subject to long-range planning), 
equipment demonstration. 
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DP-89 Quality Management 

DESCRIP'TION: The goal of this project is to build top-level support and awareness of quality management 
and to provide training to State highway agencies m statistical quality control techniques. It is part of the 
National Quality lrutiative. This project involves fow- quality management activities. 

Participate on a joint FHWA/AASHTO/industry steenng committee to guide and help focus 
efforts on the quality of construction, performance, and quality management with emphasis on 
a partnership effort. 

Develop (jointly) and issue broadly based national policy/goals. 

Hold high level seminars for upper management of Federal. State, industry, and others to 
educate and gain support. 

Provide technical training, guidance, and tools to others responsible for implementation. 

BACKGROUND : There has been a conscious effort \\ithin the United States during the past decade to promote 
a correlation between American products and quality. In general, this effort has been focused in the 
manufacturing industty. The United States has begun to promote the concept of American quality because quality 
is an important factor in maintaining global competitiveness. 

With the emphasis on quality again moving toward national significance., this project "ill pro\·ide direction and 
address a broader role of quality in the highway environment 

PROJECT MANAGER: Don Tuggle, HNG-21, (202) 366-1553. 

PROJECT COORDINATOR: Gary Henderson. HTA-22, (202) 366-1283 

ST A TUS : In an effort to widely disseminate the principles and ideals begun at the National Quality lrutiative 
Seminar in Dallas/Ft Worth., Texas on November 10, 1992. four AASHTO Regional NQI Seminars in\'Ol\'ing 
Y.'Cll over 10,000 people nationwide have been conducted. Additional support of state-level NQI activities has 
been provided. · 

An '"NQI National Conferenc::e" will be held in Alexandria., VA on November 14 and 15, 1995. The first-ever 
NQI Achievement Award will be presented for the best highway project at this conference. 

A 5-<iay training course (.'Materials Control and Acceptance: Quality Assurance) and a 2-day workshop (Quality 
Management for ~ers) is being co-sponsored Y.ith the National Highway Institute. Approximately 38 of 
the 50 available me-day courses and 41ofthe56 available two-day workshops have been presented. Several 
statistical quality assurance computer programs have been developed by the New Jersey DOT. A technical review 
of the user manual has been completed., and distribution of the manuals and programs is expected by the end of 
1995. In addition a number of workshops and seminars have been supported such as a technician training and 
certification workshop in Platteville, Wisconsin and a quality assurance specifications development workshop 
in Little Rock. Arkansas. 

TEOINOLOGY TRANSFER AIDS : One-week course, two-day workshops, technical assistance, speakers, 
and computer programs. 
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DP-90 Mobile Asphalt Laboratories 

DESCRIPTION: This project is a major Office of Technology Applications irutiative to promote Strategic 
Highway Research Program (SHRP) findings in the asphalt area. This project uses two mobile laboratories to 
pro\ide State highway agencies v.ith a hands-on demonstration of the SHRP SUP ERP A VE design system and 
field management techniques. 

The major objective of the project is to promote the Super Pave Mix design system and mix verification I 
volumetric quality control in the field 

The typical project centers on transplanting a mobile lab to an active paving project at the invitation of the State. 
Once it is on site, State, contractor, and Federal engineers can witness, compare, and critique the test procedures 
and sequences. 

PROJECT MANAGERS: Thomas Harman, HTA-21, (202) 366-0859; John D'Angelo, HTA-21, (202) 
366-0121; and John Bukowski, HTA-21, (202) 366-1287. 

ST A TIJS : The use of mobile laboratories for asphalt mix is ongoing. The concepts of Mix Verification and 
Voids Acceptance have been demonstrated and field simulated in more than 38 States in the last 8 years. As an 
additional sen.ice, more th.an 50 Federal and State contractors, engineers, and technicians have spent 2 to S days 
in a mobile laboratory learning and strengthening their skills in the asphalt mix area. In 1991, a formal 2-day 
workshop was added to the demonstration. In 1993, key elements of the SHRP SUP ERP A VE mix design system 
were also added to the workshop. During 1994 and 1995 the laboratory provided field control on several projects 
using SUPERP A VE designed mixes. 

A report detailing the results of the field simulation was voted the "Best Paper of the Year 1991" by the 
Association of Asphalt Paving Technologists. This report. Summary ofSimularton Studies. is available from 
the project managers. 

The n::mai.ning States will be visited over the next several years. With the addition of the SUPERP A VE system. 
many States are expected to request repeal visits. as they explore the adoption of the new techniques. The mobile 
laboratory has supported other OTA activities, such as stone matrix asphalt (SMA), and is expected to perfonn 
this suppon activity more frequently in the next few years. 

TECHNOLOGY TRANSFER AIDS : Mobile laboratory (subject to scheduling), telephone and on-site 
~sistancc, speakers, and specialized workshops and seminars. 

PUB LI CA TIO~ Summary of Simulation Studies. by J. O'Angelo and T. Ferragut, 1991. 
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DP-108 Pavement Management Analysis 

PURPOSE : To demonstrate how various PMS prioritization methcx:is are used to identify justifiable and cost­
effecti\'e pavement preser\'ation strategies for various funding levels and develop multi-year prioritized list of 
pavement preservation projects. 

To demonstrate how PMS pavement perfonnance data is used to perform engineering analyses that could evaluate 
pavement design, construction. materials and maintenance procedures as they relate to performance of pavements. 

BACKGROUND: The !STEA Interim Final Rule for management systems requires each State Highway 
Agency to de\'elop a PMS for the National Highway System capable of performing various pavement analyses. 

These analyses included pavement performance analysis to analyze the current and predicted performance of 
specific pavement types, investment analyses to estimate total cost for present and projected conditions across 
the network, and investment strategies to prioritized pavement preservation projects with recommended 
prescrvntion trentments thnt span single and multi-year periods using life-cycle cost analysis. 

The regulation also requires the PMS to be capable of perfonning engineering analyses for approprinte network 
sections that could C\'aluatc pa\·ement design. construction, rehabilitation, materials, mix designs. and preventive. 
maintenance as they relate to performance: of pavements. . 

State examples of pavement performance, multi-year prioritization methods, cost analyses and engineering 
analyses will be used to develop two to three-day demonstration sessions. The project consists of two 
demonstration activities. 

The first activity consists of a series of PMS outreach sessions to provide one-on-one 
discussions and technical assistance: to States that are developing the analyses required to 
pcrfonn multi·year prioritization of pavement preservation projects. 

The second project consists a demonstration of the use of PMS performance data in 
engineering applications. 

The main topics to be demonstrated in the multi-year prioritization demonstration activity are: 

Pavement Performance Analysis 

Selection of Pavement Preservation Strategies and Treatments 

Cost Analyses 

Effects of Budget Constraints 

Project Selection Process 

The main topics to be demonstrated in the use of PMS performance data in engineering applications 
demonstration activity are: 

Historical Performance: Data 
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Evaluation of Pavement Design Procedure 

Evaluation of Pavement Construction Practices 

Materials Performance Analysis 

Pavement Preservation Analysis 

PROJECT MANAGER: Luis Rodriguez. HNG-41, (202) 366-1335. 

ST A TUS : A contract has been awarded for the multi-year prioritization demonstrations. Demonstration 
sessions are expected to begin in the first quarter of 1996. 

Bids are currently being evaluated for a contract to perform PMS engineering analysis demonstrations. The 
contract should be awarded by the end of 1995 and sessions arc expected to begin in early 1997. 

_Bridge Design and Construction 

Bridge design, as many other segments of civil engineering, has e\·olved from early art forms to a sophisticated 
science. A hundred years of experience have been assimilated into the engineering practice, and modern research 
and development fmdings have been re-examined., tested., proven i.n seryice, and codified into bridge 
specifications and practice. The traditional design philosophies and methods, such as Working Stress Design 
(WSD) and tntimate Strength Design (USO), arc still used in bridge design. However, recent developments i.n 
bridge design specifications have departed. from the traditional approaches to incorporate more rational methods. 

Load Factor Design (LFD) was a first step toward implementing a bridge design code based on statistical factors 
accounting for variability of loads, lack of accuracy in the analysis, and the probability of simultaneous 
occurrence of different loads. Load and Resistance Factor Design (LR.FD) extended the philosophy to include 
resistance factors that account for the variability of material properties, structural dimensions and workmanship, 
and the uncertainty in the prediction of resistance. The LRFD code, properly applied., is expected to lead to more 
rational bridge designs that will produce more economical and durable highway bridges. A concerted effort to 
train bridge designers in the concept of load and resistance factors, as well as the application to bridge design. 
is crucial to the successful implementation of the new codes. 

The LRFD specifications arc ideal for assimilating new developments in bridge materials and construction 
methods, such as electroslag welding and high performance concretes. since resistance factors can be modified 
as necessary to represent uncertainties in material properties. Part of this project will involve promoting new 
bridge materials and construction methods and also implementing the LRFD code in bridge design software. 

Recent innovative developments in bridge design codes, bridge materials, and construction methods have led to 
the establishment of 10 milestones. 

l. 

2. 

3. 

Develop and initiate formal training sessions for the design of bridge superstructures 
and bridge foundations using the LRFD code. 

Develop and initiate formal training sessions for the use of nondestructive load testing 
to determine load ratings of bridges. 

Develop and initiate a demonstration project on elcctroslag welding for steel bridges. 
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4. 

5. 

6. 

7. 

8. 

9. 

10. 

Approve the LRFD specifications as the sole AASHTO code for design of highway 
bridges. 

Upgrade major bridge design, analysis. and rating software with LRFD code: BRASS. 
AASHTOBDS. 

Use High-Performance Concrete in a prestressed concrete bridge in Virginia. 

Prepare Technology Transfer material and conduct a regional seminar on the use of 
High-Performance Concrete in a prestressed concrete bridge in Texas. 

Use High-Performance Concrete in parallel structures conventional concrete in one. 
HPC in the other. 

Establish an equipment loan program for SHRP~·elopcd High-Performance Concrete 
test equipment 

Establish design and construction guidelines for High-Performance Concrete. 
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AP-21 Geotechnical Microcomputer Programs 

DESCRIPTION : This project has involved the development of several geotechnical programs 
under contract with geotechnicai microcomputer programming firms. These programs have been 
made available to the States by the OT A. 

BACKGROUND : The microcomputer industry has undergone rapid changes in recent years. New 
developments in hardware and software make the use of the microcomputer in civil engineering applications more 
feasible, practical, and almost indispensable. 

The microcomputer can be used to solve many geotechn.ical problems that need repetitive and yet complicated 
calculations, such as analyzing embankment and foundation deformations, estimating pile behavior under stauc 
and ~namic forces, and calculating foundation settlements. Five of the microcomputer programs developed or 
under development are: 

COM624P: Analyzes the behavior of piles or drilled shafts, subjected to lateral loads using the p~y 
method. 

EMBANK: Detennines one-dimensional compression settlement because of embankment loads. 

SPILE: Calculates the ultimate static pile capacity in cohesive and cohesionless soils. 

RSS: Analy7.cs stability of slopes that contain soil reinforcement. The analysis is performed 
using a twtM:limensional limiting equilibrium method. 

MSEW: Designs and/or analyzcs required reinforcement for mechanically stabilized retauung 
walls, which does not _consider specific facing configw-ations. 

DRIVEN: This program is the updated version of the SPILE Program. 

PILE 
FOUNDATION: This program will be developed based on the University of Florida program -

LPG ST AN which is capable of analyzing bridge foundations subject to extreme 
events (hurricanes, ship and ice impc:rts). The program will extend its capabilities 
to include the analysis and design of sound walls. retaining walls. signs and high 
mast lighting structures. 

PROJECT MANAGER: Chien-Tan Chang, HTA.22, (202) 366.6749 

STATUS : The SPILE Program bas been upgraded. the new program is called Driven. This program is 
estimated to be completed by the end of 1995. RSS Program has been comp~ lt will be tested for a~ 2 
moatbs and will be distributed early December 1995. Contracts are being negotiaU:d to develop a new version 
of MSEW program and a multiple face~ program called Pile Foundations. 
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AP-102 SHRP Distress Identification Manual 

DESCRIPTION : The Distress ldenrificanon Manual is a pictonal rating manual for distress identification 
on highway pavements. The manual's photographs. descnptions, and illustrations provide a reference for the: 
consistent 1dentificauon and quantification of the severity and extent of pavement distress. It also provides a 
common language for describing cracks, potholes, rutting, spalling, and other pavement distresses. As a "distress 
dictionary," the manual has the potential to improve inter· and intra-agency communication while leading to more 
uniform evaluations of pavement performance. 

The manual is divided into three sections that focus on particular types of pavement: ( 1) asphalt concrete 
surfaced. (2)jomted Portland cement concrete, and (3) continuously reinforced Portland cement concrete. Each 
distress is clearlv labeled, described, and illustrated. 

BACKGROUND : In 1987, the Strategic Highway Research Program (SHRP) began its largest and most 
comprehensive pnvement perfonnance the Long-Tenn Pavement Performance (LTPP) program. The Distress 
ldennficanon Manual was developed as a tool for the L TPP program. It allows States and others to provide 
accurate, unifo~ and comparable information on the condition of L TPP test sections. Moreover, it enables 
individuals and agencies to interpret L TPP data or to correl:ite L TPP findings "ith their O\\n research efforts. 

PROJECT MANAGER: James Walls. HN0-42, (202) 366-1339 

ST A TUS : The SHRP distributed multiple copies of the latest color version of the Distress Identification 
Manual in July 1993. Nill will offer several training courses on the Manual to State and local highway :igencies 
starting in the Fall of 1995. 

Copies of the trnining materials will be made available to ncadcm.ia and the ~echnology Trnnsfer Centers. 

TECHNOLOGY TRANSFER AIDS : The project manager will continue to provide technic:il advice and 
participate in conferences, seminars, workshops. and user training sessions. Test and evaluation by a limited 
nwnber of States is also anticipated. · 

PUBLICATIONS : 1he Distress Identification Manual for the Long-Term Pavement Performance Project 
can be purchased from the Transportation Researdt Board. Telephone: (202) 334-3214~ Fax: (202) 334-2519 
Cost: S20. 
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AP-118 Falling Weight Deflectometer Quality Assurance Software (SHRP) 

DESCRIPTION : This project develops, markets, and distributes generic versions of the Strategic Highway 
Research Program's <SHRP's) Falling Weight Deflectometer (FWO) Quality Assurance software for use by State 
highway agencies. The generic versions accorrunodate various FWDs, sensor nwnbers, sensor spacings, and test 
protocols. 

BACKGROUND : The SHRP FWD Quality Assurance Software is a spinoff product of SHRP's Long-Term 
Pavement Performance (L TPP) studies. It is one of four spinofT products SHRP recommended for FHW A 
implementation activities in 1992. 

Falling Weight Deflectometers are used \\idely by highway agencies to collect pavement response data used in 
pavement rehabilitation. design, pavement management systems, and forensic examinations of failed pavements. 
The overall goal of the SHRP FWD Quality Assurance Software is to cnsw-e the consistent collection of high­
quality pavement deflection data. 

To provide quality assuranc:c for FWD data collection. SHRP developed four software programs and established 
reference calibration centers at several State highway agencies to provide for quality measurement and data 
collection. 

Since many of the State highway agencies either own or contract for deflection testing services by an FWD. the 
use of this quality assurance software should provide improved testing data. Unfortunatelr. all of this software 
was written specifically for SHRP and its methods. ~·an example, the programs are v.Tinen to read data files 
from ~natest FWD with SC\'en sensors at the prescribed SHRP sensor spacing. 

PROJECT MANAGER: Max Grogg. (S 18)4314224. 

STATUS: A Technical Working Group was established m 1993. During 1994 the LTPP Division continued 
to revise these software packages based upon their need, cx.pcricnce, and input from the Technical Working 
Group. These modifications should be completed by October 1995. In 1996 a consultant contract will be 
c.xeculed to perform the software modification.. Additional funding will provide for training on the software and 
the calibration centers. Limited field testing by the SHAs will be conducted. and modified genenc software will 
be marketed.. 
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TE-14 Innovative Contracting Practices 

DESCRIPTION : ~objective of this project is to identify innovative contracting practices for evaluation 
and documentation that have the potential to reduce life-cycle costs to State highway agencies, while maintaining 
product quality and an acceptable level of contractor profitability. Practices tested under this contract include 
design/build. warranties. guarantees, lane rental, cost plus time bidding, and incentives/disincentives. 

BACKGROUND: This project resulted from the work of a 1988 Transportation Research Board (TRB) task 
force that spent 3 years exploring innovative practices in the U.S. and abroad. Its findings were released as 
Transportation Research Circular Number 386, titled "Innovative Contracting Practices" ( 1991 ). 

Another initiative relative to innovative contracting practices resulted from an asphalt pavement study group's 
1990 European tour. The group was impressed with what it saw and recommended three innovative practices 
that could be pursued through a test and evaluation effort: 

Functional contracts (design/build), 

Warranties of riding surfaces, and 

La.ne rental. 

In addition. a fourth practice, cost·plus·time bidding, has gained widespread acceptance from State highway 
agencies. 

PROJECT MANAGER: Wady Williams, HNG-22, (202) 366-0606 

STATUS : This project has been operatiooal for over 5 yem and approximately 65 percent of the SHA· s have 
participated at least once. 

By for. the most popular technique used bas been cost-plus-time bidding. Twenty-six States and the District of 
Columbia have used this method thus far. Six SHA 's have either completed design/bwld contracts or ha\'e 
initiated such contracts. Contacts have been completed in Arizona and Colorado with fa\'orable results. Total 
project time was substantially less than would have been expected for conventional design-bid-build projects, 
there was no significant change in design costs, and claims were essentially eliminated. Six SHA 's have 
undertaken projects using the lane rental concept to reduce road-user impacts and, eight SHA 'shave chosen to 
use and evaluate warranty provisions. 

In 1995 FHW A published Rebuilding America: Parmership For Investment, FHW A publication No. FHW A· 
P0-95-028, which contains descriptions of innovative practices and a list of projects using these practices . 

. 
TECHNOLOGY TRANSFER AIDS : Lane n:nta.l specifications, background infonnation on warranties 
and guarantees (from the Transponation R.cscarcb Board), and telephone and speaker assistance. 
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TE-18 Stone Matrix Asphalt 

DESCRIPTION: The goal of this project is to test and evaluate the use of Stone Matrix Asphalt (SMA) on 
several test sections of U.S. highways to determine its construction feasibility and cost-effective performance. 
DP-90's mobile asphalt laboratories, its staff, and the Turner-Fairbank Highway Research Center staff are 
available to assist other States with SMA mix design information. The mobile asphalt laboratories provide 
materials analysis on-site while supporting quality control and compliance. 

BACKGROUND: ln 1990, a team of State, industry, and Federal engineers from the U.S. participated in 
a European Asphalt Study Tour. Their mission was to identify promising asphalt technologies. Of the asphalt 
mixture technologies studied, SMA had great promise for use in this country. 

SMA is an asphalt mi.xnue developed in the l 980's in Germany to provide a ruHesistant pavement surface layer. 
SMA's proven performance is attributed to a "gap graded" aggregate gradation that provides a stone-to-stone 
structw'c: held together by a durable asphalt cement, mineral filler, and fiber matrix. SMA is routinely used in 
many pans of Europe. 

PROJECT MANAGER: John Bukowski, HTA-21, (202) 366-1287 

STATUS : Interest in SMA remains strong. To date, project presentations have been made at nearly 100 
locations to thousands of government and industry indi••iduals interested in the various aspects of material 
selection. design, construction, and performance. Continuing intcrcst in SMA is evident by the increasing number 
of States that participate and the tonnage of SMA used in projects. 

Year Number of States TonsofSMA 

-
1991 4 less than 50,000 

1992 ·12 100,000 

.1993 15 200.000 

1994 23 300,000 

1995 27 400,000 

Extensive monitoring is wider way on more than 50 separate test sites constructed in Maryland, Georgia. 
Virginia, Texas, California, Alaska, Atkansas, New Jersey, Kansas, Illinois, Ohio, Michigan, Wisconsin, Indiana, 
and Missouri. Data from these projects arc being analyud and model specifications have been disseminated. 

. Further C\'aluation is targeting mixture design., cost reduction, quality control, and predictive performance of the 
·.sMA pavements. SMA sites are being visited and evaluated by a contractor, which should lead to a greater 
understanding and more systematic evaluation approach. A mix design rcscarth effort funded by the NCHRP 
9.g is underway at the National Center for Asphalt Technology and Auburn University. Efforts are also 
underway to use some of the Superpave mix technologies in designing SMA. 

TECHNOLOGY TRANSFER AIDS : Telephone and on-site assistance, speakers, mix design assistance 
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(based on laboratory availability), and mobile laboratory (subject to long-range planning). 

PUBLICATIONS: SMA Model Materials Selection and Construction Guidelines are available through the 
Office of Technology Applications and are also being distributed by the industry. Copies of material on 
European Sl\.1.A S~nthesis also are available upon request. 
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TE·21 Pavement Condition Measurement (SHRP) 

DESCRIPTION : This project evaluates and promotes state-of-the-art pavement condition evaluation 
equipment and consolidates previous ongoing activities with SHRP implementation efforts related to pavement 
condition measurement. The project will be expanded to include new technology as it becomes available. 

Three kinds of equipment have been evaluated through field test and evaluation: 

SHRP Ground Penetrating Radar 

SHRP Seismic Pavement Analyzer 

Fully Automated Pavement Distress Measuring Equipment 

PROJECT ~~AGERS: Luis Rodriquez, HNG-4l, (202) 366-l335 and George Jones, HNG-41, (202) 
366-1338. 

ST A TUS : The final report on the fully automated pa,·ement distress measuring equipment has been completed 
and distributed to all State highway agencies. Reports on additional equipment analysis will be issued upon 
completion of field teSt and evaluation. A follow-up test was conducted in North Carolina during December 
1994. North ~aro~ina DOT is currently completing the data analysis from that test. 

The Technical Working Group met and decided not to f\md any additional testing of either the ground penetrating 
radar or the seismic pavement analyzer. The developers of both pieces of equipment are continuing with the 
equipments' dc\·clopm.cnt. Commercial development through the private sector is encouraged. 

TECHNOLOGY TRANSFER AIDS: Test and evaluation in selected States through work orders .md 
equipment loan. A follow-up prognun of workshops. seminars, and litcratUrC is envisioned. 
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TE-25 Strategic Highway Research Program Work-Zone Safety Devices 

DESCRIPTION : To improve safety and efficiency of day-to-day maintenance and operations of work zones, 
the Strategic Highway Research Program (SHRP) produced 12 devices that are applicable in work zones, 
especially for maintenance activities. 

1. Salt Spreader Truck MoWlted Attenuator (TMA) 

2. Portable Crash Cushion •• 

3. Ultrasonic Detection Alann 

4. Infrared Intrusion Alarm** 

S. Queue-Length Detector•• 

6. Portable Rumble Strip•• 

7. Direction Indicator Barricade •• 

8. Opposing Traffic Lane Divider •• · 

9. Diverging Lights 

10. Flashing STOP/SlOW Paddle •• 

11. All-Terrain Sign & Stand 

12. Remotely Driven Vehicle · 

•• Interest indicated by commercial fabricators. 

The Salt Spreader Truck MoWlted Attenuator is conunercially produced and marketed exclusively by private 
industry. Si.x of the other devices, representing the basic SHRP developed concepts, are commercially available 
and are ready for trial field use. These include the. Opposing Traffic Lane Dividers, Portable Rumble Strip, 
Flashing STOP/SLOW Paddle, Directim Indicator Banicades, Work Zone Intrusion Alarms, and the All-Terrain 
Sign Stand with Signs. The Portable Crash Cushion and the Remotely Driven Vehicle are being modified to 
improve their perfamance. The Queue.Length Detector and Diverging Lights have had technical problems that 
n:main unsolved and also appear to have a limited maikct demand. Further work on these two devices is on hold . 

. PROJECT MANAGER: Joe Lasek. HHS-11, (202) 3662174 

PROJECT COORDINATOR: Peter Hatti, HTA·31, (202) 366 8036 
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ST A TU S : Most of the devices have been exhibited by the FHW A and SHRP staff at many national and 
regional ·conferences and technical show:;. The purpose of showcasing the devices during fiscal ye:irs ! 992 
through 1994 is to acquaint potential users with these new devices and to develop interest in their use. 

FHW A supports activities to provide the variou.c:: devices to State highway agencies for trial use and evaluation. 
A solicitation of interest was made to the State DOTs through FHW A division offices. Based upon responses. 
funds were provided to the States to acquire limited numbers of the devices for trial use under actual work 
conditions. In return information on the overall performance of the devices will be provided to FHW A. 

Some additional funding will be made available in FY 1994 for acquiring Intrusion-Alarms and other devices that 
may become available for trial use and evaluation. The funding \\ill be provided under normal Federal aid 
procedures. Through this evaluation method. FHW A will accwnulatc an information base on the m-service 
performance of the \'mous devices, while allowmg the States to gain experience \\ith them. 
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Innovative Pavement Materials & Treatments 

DESCRIPTION : This project provides States an opportunity to evaluate SHRP pavement maintenance 
prcxfucts and techniques by intrcxfucing preventive maintenance technology and principles. Techrucal assistance 
will be provided on swface treatments and gwdance will be available in the use of innovative materials. SHRP 
technology m two areas is included: 

Effectiveness of pavement preventive maintenance: management concepts, opti.mwn timing of 
various swface treatment applications, guide specifications for preventive maintenance, and a 
1-day workshop. 

Innovative materials: pothole patching, crack sealing, joint sealing, spall repair and other 
matenals and swface repair guidelines, introduction of objective data collection techniques for 
joint seal effectiveness, and a I-day workshop. 

PROJECT MANAGER : Patrick Bauer, HNG-21. (202) 366-1554 and Michael Sm.1th, HNG--42. (202) 
3664057. 

PROJECT COORDINATORS: Jim Sorenson, HNG-42, (202) 366-1333 and Gary Henderson, HTA-21, 
(202) 366· 1283. 

STATUS : Showcase contracts have been awarded for Preventive Maintenance and Innovative Materials. and 
pilot workshops have been conducted. Test and Evaluation programs are under development. The first pilot 
workshop was held in May, 1995, in Colorado. The second pilot is being held in September. 1995, in Anzona. 
It is anticipated that workshops for both technologies will be available i.n the late Fall of 1995. 

TECHNOLOGY TRANSFER AIDS : Seminars, technical assistance, and field test and~\ aluation work 
orders. 
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TE-28 SHRP Snow and Ice Technology 

DESCRIPTION : This project tests arid evaluates SHRP snow and ice technology products in five major 
areas: snowplow cutting edges, snow fences, roadway weather infonnation systems, anti-icing technologies, and 
de-icing chemicals. The project will provide an opportwtity for States to test and evaluate better designed 
snowplows and snow fences, improved stonn forecasting and communication methods, and more efficient and 
effective snow rerno\'al and ice control methods. 

The primary products emerging from this SHRP technology area are design guides, manual of practice for anti· 
icing operations, research reportS, handbooks, evaluaaon methodologies, and unproved snow removal equipment. 
Guidelines have been developed for evaluating equipment, materials, and methods for utilizing anti-icing 
technology. FHW A's implementation effort of the SHRP technology has three parts: 

Anti-icing Technology through a technical services support agreement "ith U.S. Army Corp 
of Engineers (Cold Regions Research and Engineering Laboratory CRREL). 

Showcasing contract incorporating workshops, field test and evaluation, and equipment loans. 

Field Test and Evaluations through work orders with State highway agencies. 

PROJECT MANAGERS: Salim NassU: HNG-21, (202) 366-1557~Chung Eng, HNG-21, (202) 366-1555. . . 
PROJECT COORDINATOR: Gary Henderson, HTA-21, (202} 366-1283 

STATUS : Product/technologies cwrently being evaluated include weather information systems for highway 
operations, anti-icing operations, innovative snow fence design and construction. and snow scoops. Additional 
products/technologies and participants will be added through the showcasing contract. Work orders were 
established with 15 State highway agencies to evaluate the effectiveness of SHRP anti-icing techniques o\·er the 
1993/94 and 1994/95 winter period. Work orders were also established with an additional se\·en State highway 
agencies; four to evaluate the Weis portable interactive weather prediction system. and several other weather 
services in terms of usefulness and accuracy for highway operations; two to evaluate snow fences designed in 
accordance v.ith SHRP guidelines; and one to e\taluate the effectiveness of the snow scoop retrofitted to their 
existing plows. 

A showcase contract has been cx.ecuted to package the various technologies and develop a series of workshops 
and seminars focusing on snow and ice technologies. Additional field trials v.ill be initiated with selected States 
to further C\"aluatc various products by winter 1995/96. Workshops will begin during the first quaner of 1996. 

TECHNOLOGY TRANSFER AIDS : Workshops on snow and ice technology will be available in the 
near future. Fallo.wing standard work order procedures, States may participate in field tests and evaluations of 
selected products. T cchnical assistance will be available to guide participants on proper application and 
evaluation of products/technology. Limited funding is available. 

Pavement Management Technolol)' : This technology group focuses on those tcchnologies related to 
identification, evaluation.. and testing for pavemcot dist:rcss and collection of pavement perfomuu:M:C data. lt 
includes a Distress ldm1ificarial Manual and several pic:ces of equipment developed under the Strategic Highway 
Research Program's Long Tenn Pavement Performance (LTPP} program. Programs under this group will 
establish a continuing effort to test and evaluate emerging equipment and technology and will provide 
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comprehensive repons of testing results to the industry. This effort \\ill result eventually in more accurate and 
consistent distress identification and pe1 formance data. 
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TE-30 High Performance Rigid Pavements (HPRP) 

DESCRIPTION : The immediate goal of the HPRP Program is to construct some selected r..ighway projects 
to explore the applicability of other iMova.tive concrete pavement design and construction concepts in the Uruted 
States. The long range goal is further improvement of cement concrete pavement design, materials, and 
construction technology and equipment through innovation, research, training, and followmg pavement 
technology developments in other nations. 

BACKGROUND: In 1992a team of State, industry, and Federal engineers participated in the U.S. Tour of 
European Concrete Highways. Their mission was to review European concrete pavement expenences and obtam 
information relating to finance, research, design, construction, maintenance, and performance to assist with 
developmentof appropriate actions for enhancing the U.S. highway system. The follow-up visits to Germany 
and Austria obtained sufficient information to construct experimental sections using German design and Austrian 
exposed aggregate surface treatment technique to reduce tire/pavement noise .. 

PROJECT MANAGER: John M. Becker, HNG-40, (202) 366-1340 

PROJECT COORDINATOR: Suneel Vanikat, HTA-21, (202) 366-0120 

STATUS: In 1993 a I-mile test section was constructed on 1-75 (Chrysler Freeway) in dO\\ntO\\TI Detroit, 
Michigan. The design and construction procedures of the experunental pavement section were similar to those 
used in Germany and Austria. The project "ill be monitored for 3 years and evaluation reports have and will be 
prepared An open house \\115 organiz.c:d during construction to demonstrate the European design and construction 
technology. FHW A plans to participate in additional projects incorporating some of the European and other 
innovatiYe design features. 

State High"11Y Agencies have been asked to submit proposals for HPRP projects by October 10, 1995. Expert 
Working Groups will be fonned to select projects for FY 1996 funding, to evaluate HPRP performance and to 
oversee open house activities and to develop ti workshops. 

TECHNOLOGY TRANSFER A.IDS : Telephone and on-site assistance. speakers, and mobile laboratory 

PUBLICATIONS: Report on the 1992 U.S. Tour of European Concrete Highways. 1992, and Summary 
Report of Follow-up Tour of Germany and Austria, 1993. Both rcpons are available through the Office of 
Technology Applications. A video-tape on the Michigan project is available from the Office of Technology 
Applications .. 
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TE-34 SHRP Concrete Showcase Contracts 

CONCRETE MIX DESIGN AND CONSTRUCTION AIDS (SHRP) 

DESCRIPTION : This project provides State DOTs and industry with SHRP-developed information on 
concrete mix design and curing tables along \\ith providing technical assistance for implementation. Curing 
tables \\111 aid resident engineers and contractors in their decision process. 

BACKGROUND: Packing diagrams have been developed by SHRP to get dense concrete. The diagrams 
are used as mix design techniques. Properly used, the mix design may improve tensile strength and durability. 
Curing tables have been developed and include temperarurc, cc:mcnt content. and critical dimensions to aid proper 
curing. The goal of these efforts is to obtain dense, impenneable, and durable concrete with mmimum cracks. 

PROJECT MANAGER: Suneel Vanikar, HTA-21, (202) 366-0120 

STATUS: A Work Order \Vas provided to the Indiana DOT in 1992 to perform field verification of packing 
diagrams, and field testing and evaluation arc complete. A work order wa5 provided to the University of 
Louisville for additional testing and evaluation in 1994 and is underway. Minnesota DOT conducted their O\\n 
packing handbook evaluation in 1994. fn 1994, the Missouri HTD examined the packing handbook for possible 
use in mix design. 

In 1994, these products were promoted through presentations, and they will be incorporated into other SHRP­
related implementation efforts for concrete dwability and high performance concrete. 

In 1995, the draft Packing Handbook evaluation report and the Curing Tables evaluation report were sent to 
AASHTO and distributed to members of the Technical Working Group. 

TECHNOLOGY TRANSFER AIDS : Presentations an:: available upon request from the Office of 
T cchnology Applications. 

CONCRETE DURABll.IT\' CSHRPl 

DESCR.IPTIO~: This project will showcase SHRP-developed products and provide education and technical 
assistance to State DOTs and the industty by developing and presenting workshops and providing testing 
equipment to State DOTs through an equipment loan program. 

This implementation ctTon includes new test procedures for 0.Cracking potential of aggregates, a revised test 
procedure fa freeze.thaw durability. and specifications for aggregates. It will also include an ex.pen system for 
rehabilitation strategy. The durability of concrete structures and pavements is a key issue in rebuilding 
infrastructure. 

PROJECT MANAGER: Gary Crawford, HTA·21. (202) 366-1286 
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PROJECT COORDINATOR: Suneel Va.nikar, HTA-21, (202) 366-0120 

STATUS : Five impact echo devices, five in situ surface air flow permeameters and five hydraulic fracture 
devices ha\·e been purchased and are available through an equipment loan program. The impact-echo device has 
been loaned t:::> ten agencies. the surface air flow permeameter has been loaned to eight agencies. and the hydraulic 
fracture device has been loaned to five interested highway agencies. The products are being promoted through 
a manual. workshops. equipment loans, and technical assistance. Consultant services were obtained in 1994 to 
develop and present workshops, shm\·case products, manage the equipment Joan program, and provide techrucal 
assistmce. A pilot workshop ,..,.as held in Virginia in June 1995. Regional workshops will start in late 1995 and 
continue through 1996. Some products will also be demonstrated in the FHW A mobile concrete laboratory. 

TECHNOLOGY TRANSFER AIDS: Workshops, equipment loans, and technical assistance through 
consultant services. A manual ~ill be developed for the workshops. 

ALKALI-SILICA REACTMD' <ASR> AND FLORESCENT :\-IICROSCOPY (SHRPl 

DESCRIPTION : This project will provide education and technical assistance to State DOTs and the industry 
while showcasing SHRP-developed products relating to alkali-silica reac:ti\·ity (ASR) and florescent microscopy . 

. 
ASR is a problem for many States. panicularly those with concrete pavements. This implementation effort 
includes identification of ASR, field and laboratory tests, mitigatioo of ASR in existing structures, and mix design 
procedw-es to reduce potential for ASR. · 

The project will de\'elop and present workshops, provide testing equipment to State DOTs through an equipment 
loan program. and provide technical assistance. 

PROJECT MANAGE : Roger Sw'dahl, HNG-23, (202) 366·1563 

PROJECT COORDINATOR: Suneel Vanikar, HTA-21, (202) 366..0120 

STATUS : Si.x ASR field dcU:ction test kits have been purchased. The consultant contract to develop a 3-day 
workshop and other showcase activities was awarded in 1993. A pilot workshop was held in Pennsyl\'ania in late 
1994. Workshop presentations started in 1995, and workshops were presented in Nebraska, New Jersey, North 
Carolina, Wyoming.. Nevada., Oregon. Minnesota. and New Mexico. An equipment loan program has been 
established. i.llld technical assistance is provided under the contract. Equipment loan and technical assistance were 
provided to Pennsylvania. Nevada, Idaho, Delaware, Oregon, and Indiana oors. Field testing of lithium 
compounds to nUnimize ASR is underway in New Mexico, Nevada. New Hampshire, and Pennsylvania . 

. In 1996, the products will be promoted through a manual, additional workshops, product sho·wcasing, and 
. tcchnica1 assistance. Some products will continue to be demonsttated in the FHW A mobile concrete laboratory. 

TECHNOLOGY TRANSFER AIDS : Workshops, equipment loans, and technical assistance through 
consultant services. 
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Concrete Pavement Design and Construction 

The concrete pavement design and construction technology group focuses on innovative designs and 
construction techniques that provide immediate solutions to specific Portland cement concrete 
pavement problems. The range of .technologies addresses water in pavements, faulting joints and 
cracks, paving under limited time restrictions, pavement durability and economy, and methods of 
achieving improved overall performance through performance-related specifications. 

Several projects incorporating emerging technologies for design and construction are in development_ 
stages. These include high-performance rigid pavement design and construction methods, various 
concrete pavement texturing techniques to minimize noise and enhance safety, and evaluation and 
implementation of performance-related specifications for concrete pavements. 
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TE-36 High-Performance Concrete 

DESCRIPTION : This national effort will include seminars, workshops, equipment loan programs, 
demonstrntion bridges, and technical assistance to evaluate. showcase, and promote high perfonnance concrete 
and S HRP. research products in high perf onnance concrete. The initial goals are to obtain all equipment, 
specific:itions, test procedures, and reference docwnents related to the subject~ organize the materials; develop 
seminar and workshop technology transfer materials; and plan an equipment loan program. The secondary goals 
are to present seminars and workshops, implement the equipment loan program, provide technical assistance, and 
construct Demonstration Bridges. 

BACKGROUND_: The Str:itegic Highway Research Program (SHRP) supported considerable research into 
high performance concrete. As a result of this research, new testing methods have been developed and some 
existing testing methods have been modified to 1) determine the validity of eXJsllng test methods; 2) give gre:iter 
unifonnity to test results; and 3) give engineers greater confidence in the material properties of high perfonnance 
concrete. 

A major goal of SHRP was to develop improved criteria and testing methods for the mechanical properties and 
behavior of high-perf onnancc concrete. The training and dissemination of infonnation to personnef 
(govermnental and industry) required to perform test& and mixtme design is an essential step for the effective use 
of new field identification procedures, test procedures, and mixture design methods. 

PROJECT MANAGER: Terry 0. Halk·yard., HTA-22. (202) 366-6765 

PROJECT COORDINATOR : John M. Hooks, HT A-22. (202) 366-6643 

ST A TUS : A national multi·ycar effort is plaruled that would target a maximum number of interested 
govcmmcnt and privalC industry engineers and technicians. This effon will promote the use of high perf onnance 
concrete and the thorough evaluation of SHRP-devcloped products to transfer technology to a wide audience 
throughout the United States. High perfonnancc concrete is being used in bridges under construction m 
Nebraska, Texas and Virginia, and plans are being made for its use in bridges in New Hampshire, Ohio. 
Colorado, Georgia and Washington. A workshop on the use of high performance concrete in the Texas bndge 
is planned for early 1996. 

TECHNOLOGY TRANSFER AIDS : Workshops on High Pcrfonnancc Concrete, technical assistance, 
speakers, and pn:sentation materials. 

Bridge lnspection and Bridge Management 

. Mon: than 40 percent of the Nation's S1S,OOO highway bridges are functionally obsolete or structurally deficient. 
·These deficient structures represent significant impediments to the safe, economical use of the highway system 
and result in safct.y hazards, high user costs, and huge outlays for preservation and replacement Balanced against 
this backlog of bridge needs is a generally inadc:quate level of funding by public agencies for infrastructW'e needs. 

The collapse of the Silver Bridge in 1967 was the immediate catalyst for what became a comprehensi~e bridge 
safety inspection program mandated by the National Bridge Inspection ~tandards (NBIS)-, Every bndge o~ a 
public road must be inspected at least every 2 years and highway agencies across the Nanqn have mspecuon 
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staffs and programs that collect and update critical bridge inventory and inspection data. After almost 20 vears, 
there is still a manifest need to more effectively analyze this data, to better defme bridge needs, and to find 
effective solutions. 

The complexities and costs associated with preserving the Nation's bridge infrastructure demand innovative 
approaches to collect1on and analysis of data and prediction of current and future bridge preservation actions. 
These needs. coupled with the availability of modem analytical methods and high-speed computers, are leading 
to the development of comprehensive bridge management systems. Pnor to the late 1980s, there were no existing 
management systems adaptable to the management of bridge programs nor was there any clear definition of key 
bridge management principles or objectives. Therefore, in cooperation with AASHTO, California DOT, and a 
specially fonnulated technical work.mg group (TWG) representing several State DOTs, OT A was able to 
establish the followmg primary requirements of a comprehensive Bridge Management System (BMS): 

Genual Procttdura 

l. Identify and establish rcspomibility for data collection and management and for bridge decision 
making based on a comprehensive BMS. 

2. Coordinate program and project-level decisions and coordinate bridge maintenance and 
improvement actions and a process of priority programming. 

3. EnsW"C a clear method of communicating needs and programs-to outside audiences. 

Functional Needs 

l. Automated database of bridge inventory, condition data. and a historical data file. 

2. Deterioration models for projecting future condit. ·· of bridge elements with or without 
intervening actions. 

3. Identify costs related to fe.uible actions, user costs associated with a deficient bridge condition. 
and budget and other key constraints. 

~. Develop multi-period proccdw'es and reporting capabilities. 

Efforts to define modem bridge management Jed to a cooperative effort with California DOT and the TWG to 
be develop the PONTIS BMS. With Pontis under development, and with the added incentive of the lntermodal 
Surface Transportation Efficiency Act (!STEA) of 199 l, si.x milestones were established: 

l. Publish Version 2.0 of PONTIS, the BMS jointly developed by FHW A, California DOT and 
the TWG (complete); accomplish transfer of PONTIS support t0 the AASHTOWare software 
system (complete). 

2. Develop and begin formal BMS training sessions for bridge inspectors and bridge managers 
(sessions to be underway beginning in October 1995). 

3. Establish an FHWA network ofBMS specialists and regional TWGs to provide BMS training 
and support to SHA and local agency bridge managers (underway). 

4. Implement a C,grnmooly &!cognized (CoRe) Element system to define standar~ bridge clements 
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(complete)~ establish uniform method of converting core element condition data to NB£ format 
(ready for adoption). 

5. Each State implement a comprehensive BMS (underway). 

6. Organiz.e a new demonstration project to promote innovative computer hardware and software 
to unprove efficiency and quality of bridge data collection and management (scheduled to begin 
in FY 1997). 
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TE-39 SHRP Asphalt Support Projects 

This project supports a multitude of activities to promote the SHRP asphalt program. 

PROJECT '.\fANAGERS : The managers for all TE-39 projects are: John D'Angelo, HTA-21, (202) 366-
012 l. Thomas Harman, HTA-21, (202) 366-0859; and John Bukowski, HTA21, (202) 366-1287. 

POOLED FUND EQUIPMENT STUDY SUPPORT <SHRPl 

DESCRIPtION : FHW A. in cooperation with AASHTO and SHRP, initiated a pooled fund study that gives 
the participating States the opportunity to acquire SUPERP A VE asphalt binder and mix test equipment. Since 
the pooled fund announcement on January 10, 1992, States have committed at least a ponion of lhe estimated 
$335,000 to pun::hase the equipment. The pooled fund study allows each State to use its Federal SP&R monies 
without matching funds. 

ST A TUS : Procurement of the equipment is scheduled for a 4-ycar period. All participating States have 
received the SUPERPA VE binder equipment. The mix design equipment must go through further development 
,,;th a series of first article testing. This process should allow for a more rigid analysis of the equipment prior 
to the pun::hase. The States have recei''Cd the S)Tatory compaction equipment to begin work on the SUPERP A VE 
mi.x design system. · · 

Procurement of lhe mixture analysis equipment and the SUPERP A vE Shear Tester and Indirect Tensile Tester 
will initially be limited to six units. These will be evaluated at SUPERP A VE Centers established in PA. AL, TX. 
NV, and IN as well as at the FHWA TFHRC. Equipment procurement for all State DOTs of these devices is 
scheduled for 1996. 

TECHNOLOGY TRANSFER AIDS: Equipment on loan (subject to availability), State reports a..-ailable 
through the Office of Technology Applications (subject to availability). and telephone assistance. 

. . ~ .. 

SBRP ASPUALT EOUJPMENT LOAN PROGRAM 

DESCRIPTION : This project evaluates asphalt binder equipment developed to support the binder 
specification under the Strategic Highway Research Program (SHRP). The Office of Technology Applications 
(OTA) has five sets of asphaltccm:nt testingequipmc:nl.plus one set for OTA and one set for FHWA's Research 
and Dcvelopmont. This equipment includes: 

Bending beam rhcometa with computer 

Pressure aging vessel 

Brookfield viscometer 
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Ruggedness and precision/bias data are being collected for the final specifications (a secondary but ve~· 
important purpose of this project). OTA is working closely with the AASHTO Subcommittee on Matenals to 
accomplish this expeditiously. 

ST A TUS : AU equipment has been delivered and will continue to be loaned to States within each user-producer 
group. Funding also involves workshops (that include the user-producer group concept) and evaluation monies, 
as required. 

TECHNOLOGY TRANSFER AIDS : Equipment specifications, vendor list, and provisional test 
procedures. Binder technicians are available for on-site training, three-day workshops, and telephone assistance. 

SHRP F~ .. J IMPLEMENTATION ASPHALT 

DESCRIPTION: This project w.: ~:·ovide technical assistance to the States in the local use of Superpave 
equipment provided under the pooled funC1 buy. A competitive contract was awarded to the Asphalt Institute for 
field engineers and technicians to assist the States. Assistance will include equipment setup, testing, test 
interpretation, local workshops. training in the design and construction of mixes, and guidance for the 
construction of Special Pa,·cment Section (SPS) 9 design and coostruction. This project will be closely integrated 
\\ith LTPP. 

ST A TUS : The contract was be let in FY 1995 and will last for 3 to S years. 

TECHNOLOGY TRANSFER AIDS : On site training, field and telephone tCc:hnical assistance. 

SBRP SUPERPAVE MODELS 

DESCRIPTION : This project will assist in completing the SHRP work on the model - that underpin 
SUP ERP A VE. The effort will be completed through a competitive bid contract. The work will include software 
support, m<Xiel documentation, and fwther refinement and documentation. The contt'ilCt for technical assistance 
\',in be let in 1993 and operate for 3 to 4 years. 

ST A TUS : Procurement is on hold witil the SHRP reports on the models are made available to include in 
procurement docwnents. 

GEORGIA LOADED WHEEL TESTER <LWD 

. DESCRIPTION : This project supports SHRP asphalt implementation efforts by evaluating innovative 
asphalt testing equipment. Products wi· :er consideration include the nuclear asphalt content gauge, ind~t 
tensile test. moisture sensitivity tests, and ;~ost significantly, the Georgia Loaded 'Wheel Tester (L WT). While 
not directly associated with SHRP, this project will finance additional evaluations ofSHRP-developed products 
not specifically identified in the pooled fund buy. 

BACKGROUND: The Georgia LWT was developed by Dr. Jim Lai at Georgia Tccb. in cooperation with 
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the Georgia DOT. It is a quick, efficient. and inexpensive method for determining rut susceptibility of surface 
mixes. Georgia DOT has developed a specification that is used on all high-traffic roadway projects and other 
projects where rutting susceptibility is a concern. 

FHW A sponsored a round-robin test program with six State DOTs to evaluate the Georgia device, which was 
found to be repeatable and reproducible. A Work. Order with Georgia DOT was issued by FHW A to modify the 
device to make it semiautomatic and controlled electronically. The modified device is capable of testing multiple 
samples at one ti.me and handling 75 by 125 by 315 mm samples. The temperature and the hose pressure also 
are adjustable. 

A second round-robin test program is planned to evaluate the modified device. 

STATUS : Five States have evaluated the Georgia L WT arid will report their findings during the next several 
years. Georgia Tech has upgraded several features of the L WT to make it semiautomatic and electronicall\· 
controlled. This modified device is being tested currently. An Expert Task Group was assembled in late l 99J 
as States completed their evaluations. Funding for this project considers additional State evaluations of this and 
as yet undefined equipment and techniques that show promise. 

TECHNOLOGY TRANSFER AIDS : Equipment loans. field and telephone technical assistance. 

Asphalt Pavement Design and. Co~st~ction .. . . · , _ _ 
"" .... ~... ... -~ ... .~ -

........ !" - -.. ..._. ·.;: "'"' 

The asphalt pa\'ement design and construction technology group focuses on innovative techniques for design and 
construction of high perfonnance asphalt pal'ements used in new construction. reconstruction. rehabilitation. 
restoration. or rcsurf acing. 

Since 1987. the Federal Highway Administration (FHW A) bas supported the "Development of Perfonnance· 
Related Specifications for Highway Coostn.lctioo" as one of its high priority research areas. Perfonnance-rclated 
specifications (PRS) require materials and construction tests. the results of which correlate to a kno"n degree 
\\ith the performance of the completed product. A series of FHW A. National Cooperative Highway Research 
Program (NCHRP). and State Planning and Research (SP&:R) studies have produced the initial framework and 
at least a partial system of PRS for hot mix asphalt pavement construction. 

The focus in the PRS is on quality control of construction selecting the best available materials and establishing 
the mix and pavement designs. PRS addresses thn:e questions: 

• ·. What quality control tests need tO be run during construction to minimize premature fatigue 
- cracking or rutting? 

What is the impact on the subsequent performance of deviations from the target values of 
properties such as density or asphalt contcn1, or both? 

, 

What payment adjustJ'DCIUs are appropriace when such deviations are m:ountcred?. 

The focus of other projects under this technology group is to evaluate these specific technologies to determine 
the optimum p~ to achieve quality construction and high performance asphalt pavements. 
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TE-44 Electrochemical Chloride Extraction from Reinforced Concrete 
Structures 

DESCRIPTION: The objective of this project is to demonstrate and document the results established under 
the SHRP Study. A secondary objective is to work in conjllllction with States, private sector, and academia to 
collect data on new structures protected using the chloride extraction methcxi. Pilot projects will include 
installations on both the decks and substructures. 

BACKGROUND : Corrosion of reinforcing steel is recognized as one of the major concributors to the 
deterioration of reinfon:ed concrete structures. and the chloride ions that penetrate to the level of the reinforcing 
bars arc a critical element in the corrosion process. One technique for dealing with this problem is chloride 
extraction. The electrochemical extraction of chloride from concrete structures is accomplished by appl)-ing an 
anode and an electrolyte to the concrete surface and passing direct current (DC) between the anode and the 
reinforcing steel. which acts as a cathodc. Since an.ions (negatively charged ions) migrate toward the ancxie, it 
is possible to cause the negatively charged chloride ions to migrate toward the anodc and away from the steel. 
Chloride extraction is similar in principle to cathodic protection (CP). The major difference is in the magnitude 
of the cWTent. which is about 100 to 500 times that used for cathodic protection. The total amollllt of charge 
(current time) applied for chloride extraction is about the same as a CP system would deliver over a pericxi of 
about 10 years. The other important difference is that chloride extraction is a short-term treaunent, whereas 
cathodic protection is normally in~dcd Jo remain i.n ~perntion for the life of the structure . 

..... · - -: .. ~ ., 

PROJECT MANAGER: Donald R.. Jackson. HTA-22, (202) 366-6770 

STATUS : A work order with Virginia and South Dakota Departments of Transportation to install and evaluate 
the electrocherniCal chlorideexttaction procedure was approved for a bridge canying 34th Street over I-395 into 
Arlington. Virginia. and a bridge in Sioux City, South Dakota. The procedure was installed on three sections of 
the Virginia deck and three piers of the South Dakota bridge in the early spring of 1995. The procedure was also 
installed on three substructure piers on a structure in Charloucsville, Virginia, in the Spring of 1995. 

Open houses were held for the Virginia and South Dakota installations in August 1995. The Open Houses were 
well attended Ten States were represented at the Virginia Open House, and five at the South Dakota Open 
House. The South Dakota Open House took place on August 9, 1995 in Sioux City. Fifty guests, representing 
Federal. State. academic and private sector organizations, attended each Open House. 
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CHAPTER 11 
REGION I DIVISION ITEMS 
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